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SYNOPSIS 

The strata of the Sobova Formation in the Bey§ehir region form an essentially calcareous 
development that succeeds the Seydi§ehir Formation with apparent conformity. The strati- 
graphy of the type section in the Sobova Valley is reviewed and the trilobite fauna described. 
The latter includes the following new species : Geragnostus semipolitus, Trinodus hehetatus, 
Agerina pamphylica, Phillipsinella matutina, Panderia monodi, Symphysurus pannuceus, 
Ptychopyge elegans and Niohe sohovana, together with Sohovaspis tuherculata gen. nov., tenta- 
tively assigned to the Family Lecanopygidae. Other genera present include Ampyx, Harpides, 
trinucleid gen. indet., cheirurid gen. undet., Pterygometopus ?, Carolinites, Apatokephalus, 
Pseudopetigurus, Metopoliches, Protostygina and Illaenus, Many of the affinities are with 
Baltic faunas and the Upper Arenig age suggested by the trilobites is confirmed by associated 
conodonts. 

Elsewhere in the area fossiliferous, pink limestones near Kizilca have been mapped as Sobova 
Formation. Their sparse fauna includes Geragnostus, Pliomerina, Nileus, Symphysurus, 
Pricyclopyge superciliata sp. nov. and Euloma (Lateuloma) latigena subgen. nov. The trilobite 
evidence suggests an horizon earlier than that represented by the limestones in the Sobova 
Valley, and associated conodonts indicate a Lower Arenig age. 



I. INTRODUCTION AND ACKNOWLEDGEMENTS 

The area of the Taurus Mountains from which the present material was obtained 
lies some 100 km south-west of Konya and 30 km south-east of Lake Bey§ehir 
(see Fig, i). An account of the stratigraphy of the Cambrian and Ordovician 
rocks in the Bey§ehir-Seydi§ehir region was given in an earlier publication (Dean 
& Monod 1970). A subsequent paper (Dean 1971) described the trilobites, all 
of Lower Arenig age, in the higher, fossihferous portion of the Seydi§ehir Formation, 
and the present work deals with the trilobites of the overlying Sobova Formation. 
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Fig. I, Sketch-map of western Turkey, showing the location of the Bey§ehir region in 

the Taurus Mountains. 



Ordovician rocks form extensive outcrops in the region (see Fig. 2, a general- 
ized geological map based on the work of Monod, in Dean & Monod 1970) but most 
are shales, siltstones and quartzites, usually unfossiUferous, belonging to the 
Seydi§ehir Formation. The strata of the Sobova Formation represent a marked 
change of lithology and the lower portion, the Sobova Limestone member, is 
particularly noticeable. Outcrops of the formation are relatively small and widely 
scattered, having been found at only three places ; (i) the Sobova Valley, 22 km 
north-west of Seydi§ehir (fossil locaUty B.651) ; (ii) in the vicinity of Kizilca, 
both 1*75 km east (locality C.429) and 075 km west (locahty C.432) of the village ; 
(iii) I km north-west of the village of Tara§9i, about 7 km west-northwest of 
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Fig. 2. Map to show the position of the Sobova Valley and village of Kizilca in relation 
to Seydi§ehir, 30 km south*southeast of Bey§ehir. Generalized geological boundaries 
after Monod {in Dean & Monod 1970), 
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Fig. 3. Fossil localities in the Sobova Limestone member of the Sobova Formation at 

the Sobova Valley and near Kizilca. 



Seydi§ehir, where locality C.217 yielded only unrecognizable traces of fossils. The 
rocks exhibit marked changes of lithology when traced laterally, and detailed 
correlation is difficult in the absence of complete sections. 

At its type section in the Sobova Valley, the Sobova Formation overlies the 
Seydi§ehir Formation with apparent conformity, though the actual hue of contact 
is obscured and may, in fact, be a disconformity in view of the age relationships 
indicated by the trUobite faunas (see p. 339 and Fig. 5). The section is located 
on the north-western side of the Sobova Valley (see Figs. 2, 3) where the Sobova 
Limestone member consists of about 10 metres of tough, partially crystalline, pink 
and grey limestone, containing fossils at loc. B.651, mostly trilobites which may 
be locally abundant, though fragmentary and sometimes distorted. These strata 
are overlain by almost 20 metres of grey shales, unfossUiferous except for a thin 
bed of limestone at the base of the highest third. 

The southernmost outcrop of the Sobova Formation is north-west of Tara^fi. 
There the basal limestone member has diminished in thickness to only 2 metres, 
and is succeeded by an estimated 18 metres of red sandstones that are presumed 
to be the lateral equivalents of the higher, shaly member in the Sobova Valley. 
The Sobova Formation near Tara^fi is overlain unconformably by the Tara^gi 
Limestone, of Triassic age, but the junction is obscured and the highest Ordovician 
strata were not available for collecting. 

The outcrops of Sobova Formation in the vicinity of Kizilca, although inter- 
mediate geographically between those of the Sobova Valley and Tara^fi, nevertheless 
exhibit marked differences from both, and their stratigraphical relationships are 
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Fig. 4. Stratigraphical position of the fossil localities in the limestone member of the 
Sobova Formation and the relationships of the strata to corresponding beds near Tara§9i. 
The sequence of strata near Kizilca is not known with certainty. 



not yet clear. At localities C.429 and C.432 there occurs a white and grey limestone, 
often saccharoidal in appearance with many patches of crystalline calcite. Not 
only is it lithologically distinct from the lower, limestone member of the Sobova 
Valley, but the fauna, again essentially trilobitic, is different. The difference in 
fauna is thought to be due to a slight ^screpancy in age rather than the result of 
lateral changes in lithology, and the subject is discussed in detail later in this paper. 

The material for the present paper was obtained in company with M. Olivier 
Monod, to whom I am grateful for his ready help and collaboration while collecting 
in the Bey§ehir region. Professor H. B. Whittington, as on several previous 
occasions, kindly read the manuscript critically, and I am particularly indebted to 
Dr Valdar Jaanusson who gave me the benefit of his own researches on Ordovician 
faunas of the Baltic region. 



II. SYSTEMATIC DESCRIPTIONS 

The terminology employed in the following pages is essentially that advocated 
in the Treatise on Invertebrate Paleontology (Harrington, Moore & Stubblefield in 
Moore 1959 : 0 117), though some of the terms were described by them as being 
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less important. For agnostids Whittington (1963 : 28) has been followed. The 
brief trinucleid description uses the terms recommended by Whittard (1955 : 27) 
and based partly on earlier work by Reed and Bancroft, whilst the use of ' arc ' 
for concentric rows of fringe-pits is due to Hughes (1970), The trilobite remains 
are almost all fragmentary, only a single complete exoskeleton (of Symphysurus 
pannuceus sp. nov.) having been collected. Consequently there has been some 
difficulty in assigning less obvious fragments to the correct genus, and this is par- 
ticularly the case for immature or broken asaphid remains. 

Family AGNOSTIDAE MXoy, 1849 
Genus GERAGNOSTUS Howell, 1935 

Type species. Agnosfus sidenbladhi Linnarsson, 1869. 

Geragnostus semipolitus sp. nov. 

(PI. I, figs. 2, 4, 5, 7-12, 14, 16, 17) 

Diagnosis. Species of Geragnostus distinguished especially by pygidium, axis 
of which is relatively short for genus, just over half total length of pygidium. Outline 
well rounded with broad border. Anterior two-fifths of axis well defined with two 
axial rings, and median longitudinal segment produced to form short spine ; pos- 
terior three-fifths of axis poorly defined, even on internal mould and less so on external 
surface, with median tubercle near narrow rounded tip. 

Holotype. BM. It.7887 (PI. I, figs. 4, 5, ii). 

Paratypes. BM. It.7886 (PI. I, fig. 2), It.7888 (PI. I, fig. 9), It.7889 (PI. I, fig. 
12), It.7893 (PI. I, fig. 8), It.7894 (PI. I, fig. 10), It.7895 (PL I, figs. 7, 14, 16), 
It.7896 (PL I, fig. 17). 

Locality and horizon. Locality B.651 at the Sobova Valley, south of Bey§ehir, 
in the Sobova Limestone member of the Sobova Formation. 

Description. The cranidium is subsemicircular in outline and generally resembles 
that of the type and other species of Geragnostus, The glabella occupies two-thirds 
to three-quarters of the median length and tapers gently forwards to a well-rounded 
anterior lobe. The hindmost portion of the glabella is plump, obtusely pointed, 
and flanked by a pair of subtriangular lateral lobes of the occipital ring that are in 
turn joined by a small median band. The sides of the glabella have a pair of small 
indentations opposite the centre, just in front of which is a small, slightly elongated 
median tubercle. The border is broadest (sag.) frontally, equal to one-twelfth of the 
overall cranidial length, but narrows posterolaterally. 

The pygidium is almost semicircular in outline with the breadth increasing slightly 
from the anterior margin to attain its maximum opposite the mid-point. The axis 
is sub-triangular, occupying about half the anterior breadth of the pygidium and 
extending backwards for slightly more than half the median length ; the sides are 
almost straight and converge backwards at about 32 degrees to the small, semi- 
elliptical tip. The anterior portion, a little less than half, of the axis consists of two 
subequal axial rings, both of them traversed medially by a longitudinal segment. 
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the posterior part of which is produced upwards and slightly back to form a blunt 
spine ; the axial rings are separated by ring furrows which are broadly divergent 
posteriorly. All the furrows of the anterior part of the axis appear deep on the 
internal mould and, although shallower on the outer surface of the exoskeleton, 
nevertheless are easily discernible. The axial furrows delimiting the posterior part 
of the axis are much less marked on the internal mould and, together with the median 
tubercle near the tip of the axis, may appear almost effaced on the outer surface 
(compare PI. i, figs. 5, 12, internal moulds, with PI. i, figs. 2, 9, showing the outer 
surface). The border is notably broad, especially posteriorly where it occupies 
nearly one-quarter of the pygidial length, but narrows anterolaterally. 

Dimensions (in mm, IM = internal mould, EM = external mould). 



Length of 
cranidium 
Max. breadth 
of cranidium 
Length of 
glabella 
Max. breadth 
of glabella 
Length of 
pygidium 
Max. breadth 
of pygidium 
Frontal breadth 
of axis 



It. 7886 



4-0 (IM) 
4*0 (IM) 
2-0 (IM) 



It. 7887 



3*1 (IM) 
3*2 (IM) 
1-4 (IM) 



It. 7888 



3-5 (EM) 
3-8 (EM) 
1-7 (EM) 



It. 7889 



3-1 (EM) 
3-2 (EM) 
1-4 (EM) 



It. 7893 

2*0 (EM) 
1*2 (IM) 



It. 7894 

2-1 (IM) 
1*3 (IM) 



It. 7895 

3*2 (IM) 
1-8 (IM) 
1-2 (IM) 



It. 7896 
2*4 (EM) 
2*2 (EM) 
1*4 (EM) 
0*9 (EM) 



Discussion. The form of the pygidial axis of G. semipolitus is closely com- 
parable with that of G. tullbergi (Novak), the type species of Geragnostella, a genus 
sometimes regarded as a synonym of Geragnostus (Dean 1966 : 273). The two species 
have in common a fairly strongly convergent axis in which the posterior half or more 
is scarcely defined, though the anterior portion has strong axial furrows and two well- 
defined axial rings with a conspicuous, longitudinal, blunt spine. G. tullbergi is 
from the Sarka Beds, Llanvirn Series, of Bohemia and is thus slightly younger than 
the new species. Geragnostus occitanus Howell (1935 : 231 ; see also Dean, 1966 : 
274), from the Lower Arenig of southern France, also has a median tubercle on the 
pygidial axis, but it is not sited so far back as in G. semipolitus. Geragnostus 
lycaonicus Dean (1971 : 6, pi. i, figs. 3, 5, 8), from the Seydi§ehir Formation of the 
Sobova Valley, has a pygidium generally similar to that of the new species but may 
be distinguished by its longer, broader axis and by the different form of the axial 
ring furrows, which are curved, concave forwards. The pygidium of Geragnostus ? 
explanatus Tjernvik (1956 : 193, pi. i, figs. 13, 14), from the ' Grey Lower Planilim- 
bata Limestone ' of Sweden, also has the abaxial portions of the ring furrows strongly 
curved and concave forwards, particularly in the case of the first axial ring, the 
outer thirds of which form a pair of discrete lateral lobes, at least on the internal 
mould. 
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Geragnostus sp. 

(PL I, figs. I, 3) 

Figured specimens. BM. It.7891 (PI. i, fig. i) It.7892 (PI. i, fig. 3). 

Locality and horizon. Locality C.429, 1-5 km east of Kizilca, in limestones of 
the Sobova Formation. 

Description. Geragnostus is rare at this locality and only two specimens have 
so far been found. The cranidium is incomplete but expands forwards for two- 
thirds of its length to attain a maximum breadth which is slightly greater than the 
median length. The outline is well rounded, with a narrow border ; the axis occupies 
two-thirds of the median length but only one-third of the maximum breadth, and 
is semielliptical in outline with gently converging sides. There is a small tubercle 
positioned just behind centre, and a pair of small basal lobes. The pygidium is 
only slightly longer than broad, and the relatively large axis occupies two-thirds 
of the length and half the breadth. The axial outline is only gently convergent 
for most of its length, with a well-rounded tip, but the frontal portion, comprising 
two axial rings, tapers backwards slightly. The species does not compare closely 
with any previously described form and is certainly distinct from the species found 
at locality B.651, but the material is inadequate for erecting a new specific name. 

Dimensions. (IM = internal mould, EM = external mould.) Length of crani- 
dium = 1*9 mm estd (IM), max. breadth of cranidium = i*8 mm estd (IM), length 
of glabella = i*o mm (IM), max. breadth of glabella = 07 mm (IM), length of 
pygidium = 1-5 mm estd (IM), breadth of pygidium = 1*5 mm estd (IM), length 
of axis = 1*0 mm (IM), max. breadth of axis = o*8 mm (IM). 



Genus TRINODUS WCoy, 1846 

Type species. Trinodus agnostiformis M*Coy, 1846. 

Trinodus hebetatus sp. nov. 

(PL I, figs. 6, 13, 15) 

Diagnosis. Pygidium slightly broader than long, with well-developed border 
that is broadest posterolateraUy. Axis less than half pygidial length, with truncated 
tip ; two unequal axial rings occupy anterior three-fifths of axis, their median third 
forming longitudinal tubercle. 

Holotype. BM. It.7890. 

Locality and horizon. B.651 at the Sobova Valley, in the limestone member 
of the Sobova Formation. 

Description. A single distinctive pygidium has the outline subquadrate, 
broadly rounded posteriorly and is strongly convex both longitudinally and trans- 
versely, a little broader than long. The axis is particularly conspicuous, having a 
length just less than half that of the pygidium, and trapezoidal in plan with almost 
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straight sides converging at about 32 degrees to a broad, truncated tip that is 
bounded by a deeper, broader (sag.) continuation of the axial furrows. The pleural 
regions are circumscribed by a broad lateral border furrow, followed in turn by a 
border that is broadest posterolaterally and narrows anterolaterally, where a pair 
of facets is developed. The axis is divided into two unequal parts, the anterior of 
which occupies three-fifths of the axial length and is in turn subdivided into two 
unequal axial rings, the anterior of which is the smaller and forms a pair of lateral 
lobes. Almost the median third of the combined first and second axial rings is 
occupied by a parallel-sided longitudinal ridge that thickens posteriorly to form a 
tubercle-like structure. On either side of this ridge the first ring furrow runs 
slightly backwards abaxially, but immediately behind it the second ring furrow is 
transversely straight. The sides of the axis are not quite straight and there is a 
suggestion of a break in outline, abaxially concave, opposite the centre of the second 
axial ring. 

Dimensions. (IM = internal mould.) Length of pygidium = 2*5 mm (IM), 
max. breadth of pygidium = 3-1 mm (IM), length of axis = 1*2 mm (IM), frontal 
breadth of axis = 1*3 mm (IM). 

Discussion. Although one can be reasonably confident of identifying an example 
of Geragnostus or Trinodus that agrees in most respects with the type species of either 
genus, some species may be more difficult to place and the Turkish specimen is a 
case in point. The pygidial axis, which occupies just less than half the pygidial 
length (excluding articulating half-ring) is slightly longer than that of a typical 
Trinodus such as T, tardus (Barrande) (see Whittington 1950 : pi. 68, figs. 4-6 ; 
1968 : 97), but far from as long as that of the type Geragnostus y G. sidenhladhi 
(Linnarsson) (see Tjernvik 1956 : 188). The truncated axial tip is closer to that of 
Trinodus and I prefer to place the specimen in that genus. A somewhat similar 
problem is that of a pygidium from the Arenig Series of Bornholm listed originally 
by C. Poulsen (1936 : 49) as Trinodus but described later by V. Poulsen (1965 : 61, 
pi. I, figs. i“3) as Geragnostus danicus. The pygidial axis of G. danicus is almost 
half the pygidial length and has straight sides and a truncated tip. According to 
V. Poulsen {loc. cit,), in Geragnostus the axis should be tapered as far as the second 
axial ring furrow and then parallel-sided, but this is clearly an exaggeration judging 
from Tjernvik's illustrations of the type species. Ross (1967 : D8, 9) has reinter- 
preted certain species placed originally in Geragnostus by Whittington (1963 : 28) 
and assigned them to Trinodus y but Whittington (1968 : 97) has since reaffirmed their 
inclusion in Geragnostus and his reasoning is followed here. Comparable difficulties 
were experienced by Harrington & Leanza (1957 : 73, 74) when describing Trinodus ? 
saltaensis from the Upper Tremadoc of Argentina. This species has a pygidial axis 
unusually long for the genus, slightly longer even than in the Turkish form, and 
differs also from the latter in being slightly broader overall and having less straight 
ring furrows. 

In certain respects the pygidium of T. hebetatus resembles that of Galbagnostus 
galba (Billings), described originally from the middle Table Head Formation of 
Newfoundland and since redescribed by Whittington (1965:305). Both species 
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have a similar outline and a straight-sided axis with blunt tip. The axis of G, galba 
is, however, the more strongly tapered and the median portion of the third axial 
ring protrudes backwards towards a low tubercle sited centrally, just behind the 
axial furrow. The exoskeleton of G, galba is conspicuously ornamented with a mesh- 
like pattern of low ridges, but that of T. hebetatus shows only a suggestion of orna- 
mentation, even under high magnification. 



Family RAPHIOPHORIDAE AngeUn, 1854 
Genus AMPYX Dalman, 1827 

Type species. Ampyx nasutus Dalman, 1827. 

Ampyx sp. 

(PI. 2, figs. I, 4, 7, II) 

Figured specimen. BM. It. 7897. 

Locality and horizon. B.651 at the Sobova Valley section, in the Sobova 
Limestone member of the Sobova Formation. 

Description. A single cranidium preserved as an internal mould which lacks 
the frontal spine has a basal breadth just over twice the median length of the 
glabella. The glabella is defined basally by a broad (sag.), shallow occipital furrow 
from which it expands forwards so as to attain its maximum breadth, equal to 
approximately two-thirds of the median length, opposite the centre and then 
narrows again more rapidly to the base of the frontal spine. The large frontal 
lobe so formed projects beyond the fixigenae and is triangular in plan but almost 
conical in form, its cross-section sub-circular. The axial furrows are broad and well 
defined, diverging forwards at about 45 degrees until opposite the mid-point of the 
glabella, where they become narrower and deeper, and curve down and inwards so 
as to circumscribe the front of the glabella and meet frontally (see PI. 2, fig. 7). 

Dimensions. (IM = internal mould.) Median length of cranidium (to base of 
frontal spine) = 5*0 mm estd (IM), basal breadth of cranidium = 8*8 mm estd 
(IM), max. breadth of glabella = 2*8 mm (IM). 

Discussion. The type species, Ampyx nasutus Dalman from the Expansus or 
lower Raniceps Limestone of uppermost Arenig or lowest Llanvirn age in Ostergot- 
land, Sweden, was redescribed by Whittington (1950 : 534, pi. 74, figs. 3-9). His 
illustrations show that the present form differs in having the axial furrows more 
divergent forwards whilst the frontal glabellar lobe is longer and more pointed. 
The abaxial ends of the posterior border furrow contain a pair of pits similar to those 
illustrated by Whittington (1950 : text-fig. 6A), but the glabella exhibits neither 
anterior pits nor pairs of muscle-scars like those of A. nasutus, though the absence 
of the latter structures was noted also in Ampyx compactus Ross (1967 : D 21) from 
the Antelope Valley Limestone of California, a species of which the frontal glabellar 
lobe is slightly shorter and less pointed than that of the Sobova specimen. 
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Family HARPIDIDAE Whittington, 1950 
Genus HARPIDES Beyrich, 1846 

Type species. Harpides hospes Beyrich 1846. 

Harpides sp. 

(PI. 2, figs. 10, 12) 

Figured specimens. BM. It. 7903 (PI. 2, fig. 10), It.7904 (PI. 2, fig. 12). 

Locality and horizon. B.651 at the Sobova Valley, in the limestone member 
of the Sobova Formation. 

Description. The better-preserved (PI. 2, fig. 12) of the two available fragments 
of harpidid cephahc fringe at this locality shows part of the ventral lamella with its 
characteristic girders running parallel to the cephalic margin. The concave concen- 
tric bands between the girders are traversed by radiating ridges (see PL 2, fig. 12) 
which correspond in position to genal caeca on the dorsal lamella. These radial 
ridges do not cross the girders and they are separated from each other by radial 
sulci that contain several, generally 9 to 13, small pits. The dorsal lamella of the 
same fringe fragment bears a radial pattern of low broad, low, poorly-defined ridges - 
the genal caeca - separated by shallow sulci of approximately similar size. The 
caeca are covered with granules whilst the sulci contain numerous small pits, some 
of which exhibit a rudimentary paired arrangement. Both this specimen and 
another, a fragment of external mould (PI. 2, fig. 10) show a suggestion of scarcely 
discernible concentric ridges on the dorsal lamella, set lower than the radial ridges 
and corresponding in position approximately to the concentric girders on the ventral 
lamella. 

Discussion. Harpides ranges from Tremadoc Series to approximately lower 
Llanvirn Series, and the best-known species, H. atlanticus Billings, 1865 from the 
Table Head Formation of western Newfoundland (see Whittington, 1965 : 309, 
pis. 5-7) is also the youngest. In spite of the fragmentary nature of the Sobova 
material it can be seen to resemble H. atlanticus in some respects, particularly the 
form of the ventral girders, though the distance from the margin to the outermost 
girder is relatively smaller, whilst the radiating sulci between the caeca on the ventral 
lamella are deeper. In addition the dorsal lamella does not have the pronounced 
smooth concentric bands described by Whittington as corresponding to the ventral 
girders, but, as noted above, there are poorly defined concentric ridges in analogous 
positions, set slightly lower than the radial caeca and ornamented with granules. 

Harpidid gen. et sp. indet. 

(PI. 2. fig. 9) 

Figured specimen. BM. It.7902. 

Locality and horizon. C.429, 1.5 km east of Kizilca, in the Sobova Formation. 

Description. The only evidence of a harpidid trilobite at this locality is a very 
small fragment of the dorsal fringe lamella. There is a narrow, raised rim inside 
which the concave surface is traversed by several thin ridges representing the genal 
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caeca. Some of the latter are directed radially but others are more unevenly dis- 
tributed. Between the ridges the surface is covered with small pits with a roughly 
radial arrangement in rows. The material is insufficient for certain generic 
determination, and it is clearly distinct from the Harpides sp. of locality B.651, but 
some comparison may be made with Harpides rugosus (Sars & Boeck 1838) from 
the Ceratopyge Limestone, Tremadoc Series, of Norway as redescribed by Hennings- 
moen (1959 : 166). In particular Henningsmoen's pi. 2, fig. 9 shows both radial 
and anastomosing genal caeca that are broadly similar to those now illustrated. 

Family TRINUCLEIDAE Hawle & Corda, 1847 

Trinucleid gen. et sp. indet. 

(PI. 2, figs. 2, 6, 8) 

Figured specimens. BM. It.7898 (PI. 2, figs. 2, 8), It.7901 (PI. 2, fig. 6). 

Locality and horizon. B.651 at the Sobova Valley section, in the limestone 
member of the Sobova Formation. 

Description. Evidence of trinucleid trilobites from the Sobova Formation is, 
unfortunately, scarce and so far comprises only the two poorly preserved fragments 
of cephalic fringe now illustrated. The more informative specimen, It.7898, shows 
what appears to be tnily part of the marginal suture bounding a single arc of E pits, 
whilst the girder is well developed and there are at least three I arcs. There is 
Httle variation in pit size and the precise orientation of the specimen is debatable 
but the I pits exhibit a semblance of radial arrangement, with a few pits in inter- 
radial positions. Whether one regards the specimen as representing part of the left 
half or the right half of the cranidium, the I radii meet the girder at an acute angle. 
It.7901, although even less complete, shows two E arcs, as inferred from their posi- 
tion adjacent to the convex curvature and asjnmmetrical cross-section of the strongly 
developed girder. The I arcs of this specimen are not preserved. 

Discussion. The material is insufficient for confident assignment, but the 
presence of even one E arc is sufficient to eliminate such early Ordovician genera as 
Myttonia Whittard 1955 and Hanchungolithus Lu 1954, both of which have a marginal 
girder and are known from the Arenig Series of the Anglo-Welsh area and the 
Tethyan region. Also in the Anglo-Welsh area Whittard (1966) described an associa- 
tion of Lordshillia, Cochliorrhoe and Incaia from the lower Arenig Series of the 
Shelve Inlier. Of these, Incaia simplicior Whittard (1966 : 274) has since been made 
the type species of a new genus Aneholithus Hughes & Wright (1970 : 688) and is 
clearly distinct from the Sobova specimen, as is Lordshillia confinalis Whittard 
(1966 : 277), in which the fringe is of relatively simple type, having only arcs Ej 
and Ii_2. Cochliorrhoe, type species C. inquilinum Whittard (1966 : 278), has been 
placed in synon3my with Bergamia Whittard, 1955 by Hughes (1971 : 139). The 
latter genus has been redefined by Hughes (1971 : 120) as, inter alia, ' having Ej 
fully and Eg variably developed ; up to six I arcs present laterally \ Such a diag- 
nosis would appear appropriate for the Turkish specimens, as far as can be judged, 
but additional material is required. 
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Family CHEIRURIDAE Hawle & Corda, 1847 
Cheinirid genus and species undetermined 
(PI. 2, fig. 5) 

Figured specimen. BM. It.7900. 

Locality and horizon. B.651 at the Sobova Valley section, in the limestone 
member of the Sobova Formation. 

Description. An isolated right librigena is the only example of a cheirurid 
trilobite yet found in the Sobova Formation. The adaxial portion declines steeply 
from the eye towards a deep, broad, lateral border furrow which separates it from 
the upturned, slightly bevelled lateral border. The external surface of the border 
is finely granulated but the remainder of the librigena is covered with well-spaced 
pits. The anterior branch of the facial suture, though incomplete, appears to run 
abaxially in a gentle curve for about half its length and then turns adaxially. The 
posterior branch arches backwards more strongly to meet the lateral cephalic margin 
at a sharply acute angle. 

Discussion. Generic identification is difficult with such limited material but the 
specimen closely resembles the librigenae of Pseudosphaerexochus hemicranium 
(Kutorga, 1854 : 112, pi. i, figs. 2a-c ; see also Schmidt, 1881 : 171, pi. 10, figs. 1-4 ; 
pi. 16, figs. 22-27) ^he Middle Ordovician of Estonia. Pseudosphaerexochus 
sensu stricto has not been reported from an horizon in the Ordovician as early as 
that represented by the Sobova Formation, but species of the subgenus Pseudo- 
sphaerexochus {Pateraspis) have been described from Arenig strata in Balto-Scandia, 
although the type species, Cheirurus pater Barrande 1872 (see Prantl & Pfibyl, 
1947 : 30-32), is from the Sarka Beds, Llanvirn Series, in Bohemia, where another 
species is stated to occur higher in the Dobrotiva Beds of Llandeilo age. The 
librigenae of P. (P.) pater are generally similar to those of the Sobova specimen. The 
corresponding structures have not been described for either of the two known 
Balto-Scandinavian species but, judging from the course of the facial sutures, 
comparison may be made withP. (P.) inflatus V. Poulsen (1965 : 104, pi. 9, figs. 1-9), 
from the Cyclopyge stigmata Zone of Bornholm, rather than with P. (P.) praecursor 
Regnell sp. (1940 : 5, 12, pi. i, fig. 6) from the Planilimbata Limestone of Oland, 
in which the posterior branch of the facial suture appears to be markedly longer. 



Family PLIOMERIDAE Raymond, 1913 
Genus PLIOMERINA Chugaeva, 1956 
Type species. Pliomera Martellii Reed, 1917. 

Pliomerina sp. 

(PI. 2, figs. 3, 13) 

Figured specimen. BM. It. 7899. 

Locality and horizon. C.429, 1*5 km east of Kizilca, in limestones of the 
Sobova Formation. 
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Description. A fragmentary glabella is figured here as internal mould and 
latex cast. There is a smooth median band about one-third the glabellar breadth 
and only the two anterior pairs of lateral glabellar lobes remain but it may be seen 
that the ip glabellar furrows are deep and transversely straight. The 2p glabellar 
furrows are generally similar but curve backwards gently from the axial furrows, 
whilst the 3p furrows are straight and deep, diverging forwards at an obtuse angle. 
Of the lateral glabellar lobes so delimited, the 2p pair are transversely rectangular 
and smaller than the subrectangular 3p pair. Although incomplete, the glabellar 
outline appears to broaden forwards as far as the 3p lobes. The frontal glabellar 
lobe is approximately quadrant-shaped, its anterior margin broadly arched forwards 
in plan ; traces of a small median depression on the internal mould just behind the 
preglabellar furrow may not be an original feature as there is no evidence of such a 
structure on the external mould, though the latter is incomplete. The external 
surface is ornamented with a few scattered tubercles. 

Discussion. In spite of its fragmentary nature, the specimen is clearly of 
pliomerid type. There is no incised median indentation of the frontal glabellar 
lobe as in Pliomera, nor are the 3p glabellar furrows sited sufficiently far forwards 
to match those of Pliomera or Pliomerops and several related genera. Closer com- 
parison may be made with the type species of Pliomerinay P. martellii (Reed 1917 : 
55, pi. 8, figs. 15, 16), which the present fragment resembles in the size and shape 
of the 2p, 3p and frontal glabellar lobes and, particularly, in the transverse direction 
of the ip and 2p glabellar furrows. Australian occurrences of Pliomerina have 
recently been described by Webby (1971), all from strata equated with part of the 
Caradoc Series and therefore considerably younger than the Kizilca specimen. 
However, P. martellii was described originally from strata in southern China said 
to be of upper Llanvirn age and in association with trilobites that exhibit marked 
Baltic affinities (Reed 1917 : 67 ; Brown 1950 : 322 et seq.). 



Family PTERYGOMETOPIDAE Reed, 1905 
Genus PTERYGOMETOPUS Schmidt, 1881 

Type species. Calymene sclerops Dalman, 1827. 

Pterygometopus ? sp. 

(PI. 3, figs. 1-3, 7, 14) 

Figured specimens. BM. It.7906 (PI. 3, figs. 1-3), It.7912 (PI. 3, figs. 7, 14). 

Locality and horizon. B.651, at the Sobova Valley section, in the Sobova 
Limestone member of the Sobova Formation. 

Description. An isolated glabeUa and occipital ring have a combined median 
length of 6*5 mm ; the frontal glabellar lobe has a maximum breadth of 4*8 mm 
(estd) whilst that of the occipital ring is 3-0 mm (estd). There are three well- 
defined pairs of lateral glabellar lobes, delimited by deep, slot-like glabellar furrows 
that leave a median band approx. 1*2 mm wide. The glabella is bounded by axial 
furrows that diverge forwards at about 25 degrees from the occipital furrow to the 
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3p glabellar furrows and then become more splayed in plan. The ip glabellar lobes 
are small, defined anteriorly by deep, transversely straight ip furrows. The 2p 
glabellar lobes are slightly larger, subquadrate in plan, and the deep, narrow {exsag) 
2p glabellar furrows run only slightly forwards adaxially. The 3p lobes and furrows 
are similar to those of the 2p pairs. Between the occipital furrow and the 2p 
glabellar furrows the glabellar outline is parallel-sided, but farther forwards it 
expands sharply so that the dominantly large frontal glabellar lobe is almost twice 
as broad {tr) as the base of the glabella. The frontal lobe is rather less than three 
times as broad as long, steeply declined frontally (see PI. 3, fig. 2), and in plan is 
markedly well rounded, resulting in an axe-like outline. The occipital ring, although 
incompletely preserved, becomes narrower {exsag.) laterally and extends slightly 
beyond the sides of the glabella. In anterior and lateral views it can be seen to 
stand notably higher than the top of the glabella (see PI. 3, figs. 2, 3), and there is 
a low median occipital tubercle. The front of the glabella is circumscribed by a 
narrow, shallow preglabellar furrow, immediately in front of which is a thin strip 
of anterior border, terminated by the frontal portion of the facial suture. The 
remainder of the cephalon is not preserved. 

The surface of the exoskeleton is seen on only part of the posterior half of the 
glabella, where it is covered with closely grouped small tubercles that give a coarsely 
granulated appearance. 

Discussion. This single fragmentary specimen poses problems of identification 
that can be resolved only by further collecting. Superficially the outline of the 
glabella resembles that of Ormathops, but the large, axe-shaped frontal glabellar 
lobe, the course of the 2p and 3p glabellar furrows, which run slightly forwards 
adaxially, and the almost equisized 2p and 3p glabellar lobes, show this cannot be 
the case. All these features are found to some degree in Pterygometopus, a genus 
redescribed by Whittington (1950 : 538) who restricted it to forms resembling the 
type species, P. sclerops (Dalman) (see also Schmidt 1881 : 77) from the Expansus 
or lower Raniceps Limestone, uppermost Arenig or lowest Llanvim Series of Sweden, 
and P. trigonocephalus (Schmidt 1881 : 81) from strata of approximately similar age 
in Russia. The axial furrows of the Turkish specimen do not bend adaxially in the 
vicinity of the occipital ring as do those of P. scleropSy and the frontal glabellar lobe 
is shorter than that of the Swedish species, though not so long as that of P. tri- 
gonocephalus from the Vaginatum Limestone of Pawlowsk (see Schmidt 1881 : pi. i, 
figs. 9-12 only). The last-named species probably affords the closest comparison 
because it, too, has a median tubercle on the occipital ring, the posterior halves of 
the axial furrows are slightly divergent forwards, and the axial furrows are more 
nearly parallel-sided posteriorly. 

A single fragmentary pygidium (PI. 3, figs. 7, 14) has the axis bounded by deep, 
straight axial furrows that converge gently to a bluntly rounded tip. In addition 
to the articulating half-ring there are five well-defined axial rings, separated by 
continuous, transversely straight ring furrows, followed by two smaller rings which 
are defined only medially. The tip of the pygidium is not preserved but as far as 
can be judged the pleural regions carry five pairs of pleurae which become progres- 
sively more strongly curved back from first to fifth. The pleurae are separated 
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by interpleural furrows that appear to extend to, or almost to, the pygidial margin, 
and each pleura is divided into two equal bands, the posterior of which is slightly 
the thicker, by a pleural furrow that dies out approximately two-thirds of the 
distance from the axial furrow to the margin. Closely grouped small tubercles are 
preserved on part of the dorsal surface. The pygidium generally resembles that of 
Pterygometopus sclerops illustrated by Whittington (1950 : pi. 69, fig. i) but the 
pleural and interpleural furrows have been exaggerated by longitudinal compression. 
The relative length of the axis and the form of the hindmost pleurae would appear 
to rule out a cal5menid and the specimen, like the above glabella, is referred only 
questionably to Pterygometopus, 



Family PTYCHOPARIIDAE Matthew, 1887 
Subfamily EULOMINAE Kobayashi, 1955 
Genus EULOMA Angelin, 1854 

Type species. Euloma laeve Angelin, 1854. 

Subgenus LATEULOMA nov. 

Type species. Euloma {Lateuloma) latigena sp. nov. 

Diagnosis. Subgenus of Euloma distinguished by the following features : 
palpebral lobes small, set well back, opposite ip glabellar furrows and separated 
from glabella by wide fixigenae ; narrow eye-ridges run gently backwards abaxially 
from axial furrows just in front of 2p glabellar furrows to anterior ends of palpebral 
lobes ; anterior border of cranidium curves strongly forwards in plan from points 
immediately in front of palpebral lobes and well behind transverse line through 
preglabellar furrow; numerous small pits arranged along frontal side of anterior 
border furrow. 

Distribution. Arenig Series of southern Turkey. 



Euloma (Lateuloma) latigena sp. nov. 

(PI. 3, figs. 5, 6, 8-11) 

Diagnosis. As for subgenus. 

Holotype. BM. It. 7910 (PL 3, fig. 8). 

Paratypes. BM. It. 7908 (PI. 3, fig. 5), It. 7909 (PI. 3, figs. 6, 10, ii). It. 7911 

(PI. 3, fig. 9). 

Locality and horizon. The type material is from locality C.429, 1*5 km east 
of Kizilca, in the Sobova Formation, but the species occurs also at C.432, 075 km 
west of the same village. 

Description. The species is represented mostly by isolated cranidia. The 
median length is almost two-thirds the maximum breadth and the overall outline 
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is broadly semielliptical. Half the cranidial length is occupied by the glabella, 
slightly broader than long, its outline bluntly rounded frontally. There are two 
pairs of glabellar lobes, the ip pair slightly the larger and of ' cat's ear ' shape 
reminiscent of the corresponding structures in calymenids ; the deep ip glabellar 
furrows curve strongly back adaxially towards but do not reach the occipital furrow. 
The 2p lobes are subrectangular in plan, broadly divergent forwards, and bounded 
by deep, straight 2p glabellar furrows. The sides of the glabella converge forwards 
only very slightly as far as the 2p furrows, at which point there is a marked ' step ' 
or constriction in the outline, which narrows abruptly to three-quarters of the basal 
breadth. The sides of the glabella are defined by deep, broad axial furrows, con- 
tinuous frontally with the preglabellar furrow, which becomes slightly shallower at 
the sagittal line. The occipital ring has a median length {sag.) one-third that of 
the glabella, and is separated from the latter by a faintly curved occipital furrow, 
convex forwards, that is set a little in advance of the deep, transversely straight 
posterior border furrow. A pronounced median tubercle is situated just in front of 
centre of the occipital ring. The posterior border is incompletely known but ter- 
minates laterally just beyond the outer edge of the palpebral lobes. At the sagittal 
line the preglabellar field and anterior border have a combined length {sag.) two- 
thirds that of the glabellar length ; about half this measurement is occupied by the 
preglabellar field, which passes laterally without a break into the fixigenae. A 
broad (s^g.), shallow anterior border furrow separates the preglabellar field from a 
conspicuous anterior border of thickened appearance which is strongly convex 
forwards in plan and extends posterolaterally so that a line joining the extremities 
would pass through the glabella just in front of the 2p glabellar furrows. Several 
conspicuous perforations are distributed along the front side of the anterior border 
furrow ; their positioning and size are not uniform and their number, difficult to 
determine precisely because of incomplete preservation, is estimated to range from 
16 to 18. The incomplete evidence suggests that the pits may not be arranged 
symmetrically about the sagittal line. The palpebral lobes are reniform in outline, 
abaxially convex, bounded by deep, curved palpebral furrows which turn abaxially 
around the ends of the lobes. The length of the palpebral lobes is almost half that 
of the glabella, and they extend forwards from immediately in front of the posterior 
border furrow to just behind a transverse line through the outer ends of the 2p 
glabellar furrows. The distance between each palpebral lobe and the adjacent axial 
furrow is almost three-quarters of the basal glabellar breadth ; the fixigenae are 
consequently relatively large, of depressed form, and are transversed by a pair of 
thin, low eye-ridges that run in gentle curves, convex forwards, from the palpebral 
furrows near the frontal ends of the palpebral lobes to meet the abaxial margins of 
the axial furrows just forward of the 2p glabellar furrows. Because of the markedly 
posterolateral position of the extremities of the anterior border, which terminate 
abaxially just outside the fine of the palpebral lobes, the branches of the facial suture 
are correspondingly short and the librigenae must have been notably small. The 
anterior branches diverge forwards strongly and then turn forwards through almost 
a right-angle as they cut the anterior border ; the posterior branches are incom- 
pletely known but converge gradually upon the posterior border furrow. 
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The pygidium is known only from a fragment of external mould (PI. 3, fig. 5) ; 
although incomplete, the estimated length is of the order of 4*5 mm and the breadth 
ii-o mm. The outline is transversely semielliptical and the straight anterior margin 
curves posterolaterally on the outer halves of the pleural fields. There is a thickened 
border which broadens anterolaterally, separated by a shallow border furrow from 
pleural fields which show evidence of two pairs of broad [exsag.) pleural furrows and 
one pair of faint interpleural furrows. The straight-sided axis has a tapered outline ; 
only the anterior half is preserved, on which are two axial rings separated by trans- 
versely straight ring furrows. 

Dimensions (in mm, IM = internal mould, EM = external mould). 



Median length of cranidium 
Breadth across palpebral lobes 
Length of glabella 
Basal breadth of glabella 



It. 7909 
6*5 (IM) 

9*0 estd (IM) 
3-4 (IM) 

3-5 (EM) 



It.7910 
4*8 estd (EM) 
6*6 estd (EM) 
2-5 (IM) 

2-5 (IM) 



It.7911 
6-7 estd (IM) 
8-6 estd (IM) 
3‘2 (IM) 

3-5 (IM) 



Discussion. The type species of Euloma sensu stricto, E, [E) laeve Angelin, 
1854, occurs in much of the Upper Planilimbata Limestone, Lower Arenig Series, 
of Sweden according to Tjernvik (1956 : 274, pi. ii, figs. 1-3, text-fig. 45B) whose 
illustrations show that the new subgenus may be separated on the basis of the smaller 
eyes ; broader fixigenae with eye-ridges running slightly backwards abaxially ; 
and in particular by the large size and curved posterolateral extensions of the an- 
terior border, so that the librigenae, although not yet recovered, must have been 
exceedingly small. 

Occupying a position intermediate between E. [Euloma) and E. [Lateuloma) is 
the subgenus E. [Proteuloma) founded by Sdzuy (1958 : 269) on Conocephalites 
geinitzi Barrande, 1868, a species from the Lower Tremadoc of Bavaria and southern 
France. Illustrations of E, (P.) geinitzi published by Sdzuy (1955 : pi. 3, figs. 77-89, 
pi. 4, figs. 90-92 ; 1958 : pi. 3, figs. 4, 5, 7-17) show that the new Turkish species 
differs in the following respects : (a) the outline of the glabella is relatively shorter 
and broader, becoming more constricted in front of the 2p glabellar furrows ; (b) in 
plan view the anterior border is longer [tr.), much more strongly curved back, and 
terminates behind a transverse line through the 2p glabellar furrows, so that the 
anterior branches of the facial suture are both shorter and more strongly divergent 
forwards - in E. (P.) geinitzi the short [tr.) anterior border terminates laterally in 
front of a transverse line drawn through the preglabellar furrow at the sagittal line ; 
(c) the better defined palpebral lobes face laterally rather than anterolaterally, and 
are sited proportionately closer to the posterior border furrow, so that the posterior 
branches of the facial suture are shorter and the posterolateral areas of the fixigenae 
smaller. 

The British Tremadoc species Conocoryphe monile Salter (1873 : 32) from the 
Shineton Shales of Shropshire, later assigned to Euloma (see especially Lake 1940 : 
303, pi. 43, figs. 2-9), was subsequently placed in E. [Proteuloma) by Sdzuy (1958 : 
269-271). Some of Lake's illustrations show the anterior border of E. (P.) monile, 
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and that of the slightly older subspecies E, (P.) monile praemonile Lake, unusually 
well curved back posterolaterally, but according to Sdzuy's restoration (1958 : text- 
fig. 3), the anterior border does not extend behind a transverse line through the 
front of the glabella. Most of the specimens illustrated show the anterior border 
of E. (P.) monile much shorter {tr) and less arched forwards in plan than that of 
E. (L.) latigena, and the palpebral lobes of the Shropshire species set farther for- 
wards and proportionately closer to the glabella. However, certain cranidia col- 
lected by me from the Shineton Shales have relatively wide fixigenae and the anterior 
border extends behind the front of the glabella, so that the specimens have more in 
common with E. [Lateuloma) than with Sdzuy’s reconstruction. The Shropshire 
material is dorsally compressed to varying degrees and a more detailed comparison 
must await the redescription of Euloma monile. 

The cranidium of Euloma kazachstanica Balashova {in Chernysheva i960 : pi. 10, 
fig. 5), from the Tremadoc of Kazachstan, appears to have the eyes set relatively far 
from the glabella and only a short distance in front of the posterior border furrow. 
This species may belong to E. {Lateuloma) but the illustration is insufficient for 
detailed comparison. 



Family KOMASPIDIDAE Kobayashi, 1935 
Genus CAROLINITES Kobayashi, 1940 

Type species. C. bulbosa Kobayashi, 1940. 

Subjective synonyms. Dimastocephalus Stubblefield, 1950 ; Keidelia Harring- 
ton & Leanza, 1957. 



Carolinites sp. 

(PL 3, figs. 4, 12, 13) 

Figured specimen. BM. It.7907. 

Locality and horizon. B.651 at the Sobova Valley, in the limestone member 
of the Sobova Formation. 

Description. A single incomplete cranidium has the glabella slightly less than 
one and a half times as broad as long and markedly convex both longitudinally 
and transversely. The glabellar outline is subquadrate, its posterior margin trans- 
versely straight and the sides subparallel, indented basally by a pair of small sub- 
elliptical lobes which project slightly beyond the sides. The lobes are apparently 
separated from the main body of the glabella by the adaxial curvature of the axial 
furrows and are difficult to delimit from the fixigenae, into which they merge. Ross 
(1951 : 83) suggested that such structures, for which he preferred the term ' pre- 
occipital lobes did not form part of the glabella, and this view may well prove to 
be correct. One may also note that the lobes are sited beyond the ends of the 
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occipital ring. The glabellar outline is well rounded anterolaterally, but frontally 
is almost transversely straight, with a broad, shallow median indentation that pro- 
duces a slightly bilobed appearance. There is no preglabellar field and the glabella 
is separated by a deep, rounded furrow from the small anterior border which is 
sharply upturned and has a transverse breadth approximately equal to that of the 
glabella. The occipital ring is large, almost parallel-sided, and extends laterally 
about level with the mid-points of the ‘ pre-occipital lobes \ The palpebral lobes, 
although incomplete, are bounded adaxially by almost straight, low ridges that 
converge forwards at slightly more than 60 degrees for the anterior two-thirds of 
their length ; posteriorly they curve backwards slightly and are only gently con- 
vergent forwards immediately in front of the posterior border furrow. The fixigenae 
are low, flattened and subtriangular in outline, narrowing towards the extremities 
of the anterior border. The incomplete posterior border is bounded by a trans- 
versely straight posterior border furrow in-line with the occipital furrow. No 
traces of ornamentation have been detected. 

The remainder of the exoskeleton is not known. 

Dimensions. Length of cranidium = 6-o mm, length of glabella = 4*5 mm, 
median breadth of glabella = 5*2 mm. 

Discussion. The cranidium most resembling the Sobova species is that of 
Carolinites killaryensis utahensis Hintze (1952 : 145, pi. 20, figs. 10-13), from Zone 
M of Utah, which agrees in glabellar proportions, the frontal median indentation 
of the glabella and the size of the pre-occipital lobes ; the only apparent difference 
is in the size of the fixigenae which are slightly narrower. C. killaryensis was 
described (as Dimastocephalus) from rocks of probably Arenig age in western Ireland 
by Stubblefield (1950 : 345, pi. 2, figs. 1-7). The glabella, though of similar type 
to the present material, has the front of the glabella broadly rounded, whilst a more 
conspicuous difference is the relatively large size of the fixigenae, which are broader 
than in any other described species of the genus. 

The type species Carolinites bulbosus Kobayashi (1940 : 70, pi. 12, figs. 6-7), 
from the Lower Ordovician of Tasmania, is in need of revision and comparison is 
difficult. One may note, however, that in his diagnosis of the genus Kobayashi 
emphasized the absence of glabellar furrows. The glabella of C. bulbosus appears 
to be more nearly parallel-sided than that of the Turkish specimen, with the ‘ pre- 
occipital lobes ' set outside the line of the axial furrows. 

The cranidium from the Sobova Formation also strongly resembles that of 
Carolinites genacinaca Ross (1951 : 84, pi. 18, figs. 25, 26, 28-36) from Zone J of 
northeastern Utah, differing only in the indentation of the front of the glabella and 
the stronger turning backwards of the palpebral lobes, so that the fixigenae are 
slightly narrower. C. genacinaca as reported from Zone J of central Utah by Hintze 
(1952 : 145, pi. 20, figs. 7-9) shows the median indentation and the pygidium is 
proportionately longer than that illustrated by Ross, with less convergent lateral 
margins. 

Carolinites [Keidelia] macrophthalmus (Harrington & Leanza 1957 : 141, Fig. 59, 
1-2), from the Caradoc Series of Argentina, is an unusually young member of the 
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genus and the only described species not of Lower Ordovician age. The anterior 
border is similar to that of the Turkish form, but the Argentinian trilobite may be 
distinguished by its relatively narrower glabella, the frontal lobe of which lacks a 
median indentation, the larger pre-occipital lobes and by the stronger abaxial curva- 
ture of the palpebral lobes. The Caradoc age of this species seems debatable and 
elsewhere Harrington & Leanza (1957; 214) denote the type locality as being of 
Llanvim age. 



Family REMOPLEURIDIDAE Hawle & Corda, 1847 
Genus APATOKEPHALUS Br0gger, 1896 

Type species. Trilobites serratus Boeck, 1838. 

Apatokephalus sp. 

(PI. 2, fig. 14 ; PI. 4, fig. 7) 

Figured specimens. BM. It.7915 (PI. 2, fig. 14), It.7919 (PL 4, fig. 7). 

Locality and horizon. Locality B.651 at the Sobova Valley, in the Sobova 
Limestone member of the Sobova Formation. 

A fragment of the right half of the glabella (It.7915) shows the characteristic 
outline, broad and rounded posteriorly but markedly constricted in front of the 2p 
glabellar furrow. The latter is apparently long (tr,) and straight but may have 
been exaggerated by crushing whilst the ip glabellar furrow is shorter, curved and 
does not attain the glabellar margin. The exoskeleton shows numerous small 
tubercles on both outer surface and internal mould. 

The ventral side of an incomplete left librigena shows the librigenal spine arising 
weU in front of the genal angle and forming an acute-angled librigenal notch. The 
spine is long, gently curved, directed strongly back posterolaterally, and its surface 
carries several subparaUel, longitudinal ridges. 

Discussion. Apatokephalus has an almost cosmopolitan distribution and is 
found only in rocks of Tremadoc or Arenig age. The type species. A, serratus 
(Boeck) from the epon5mious zone of the Tremadoc Series of Norway, has been 
redescribed from a corresponding horizon in Sweden by Tjernvik (1956 : 204, pi. 2, 
figs. 7, 8, text-fig. 32A) whose illustrations show that the Turkish species has the 
posterior end of the palpebral lobe flexed strongly inwards and slightly forwards, 
whereas that of A, serratus is evenly curved overall. The Sobova cranidium may, 
perhaps, be better compared with that of A, incisus Dean (1966 : 339, see especially 
pi. 20, figs. I, 2 ; pi. 21, fig. 3), from the Arenig Series of southern France, which has 
similar granular ornamentation but has ip glabellar furrows that are both shorter 
[tr,) and less strongly curved. 

The Turkish hbrigena has a librigenal notch similar to that found on A, serratus 
as illustrated by Tjernvik (1956 : text-fig. 32 A) though not as shown for the same 
species by Whittington {in Moore, 1959 : Fig. 243, 2a). Again, comparison may be 
made with Apatokephalus incisus (Dean 1966 : pi. 20, figs. 5, 6 ; pi. 21, fig. i). 
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Family BATHYURIDAE Walcott, 1886 
Genus AGERINA Tjemvik, 1956 

Type species. Agerina erratica Tjemvik, 1956. 

Agerina pamphylica sp. nov. 

(PL 4, figs. I, 2, 4-6 ; PI. 5, fig. 6) 

Diagnosis. Species of Agerina with subrectangular glabella divided into three 
unequal glabellar lobes and sUghtly expanded frontal lobe by glabellar furrows that 
become shorter and less curved from ip to 3p. Semielhptical palpebral lobes extend 
from opposite centre of ip lobes to just in front of 2p furrows. Anterior border 
narrow (sag.). Surface of exoskeleton pitted. Sub-semieUiptical pygidium ends 
in blunt point and has two fused pleurae visible ; straight-sided axis has four rings 
and small, blunt terminal piece. 

Locality and horizon. B.651 at the Sobova Valley section, in the limestone 
member of the Sobova Formation. 

Holotype. BM. It.7914 (PI. 4, fig. 2). 

Paratypes. BM. It.7913 (PI. 4, fig. i), It.7916 (PI. 4, fig. 4), It.7917 (PI. 4, fig. 5), 
It.7918 (PI. 4, fig. 6), It.7928 (PI. 5, fig. 6). 

Description. The species is known only from isolated cranidia and pygidia. 
The convex glabella is elongated, subrectangular in outHne, with gently curved, 
abaxially convex sides converging sUghtly at the 3p glabellar furrows, in front of 
which the subquadrate frontal glabellar lobe expands slightly until as broad as, or 
a httle broader than, the rest of the glabella. There are three pairs of glabellar 
lobes. The ip pair occupy one-quarter to one-third of the length of the glabella 
and are bounded by ip glabellar furrows that curve inwards and back and terminate 
opposite or just behind the centre of the ip lobes. The 2p glabellar furrows run 
inwards almost transversely and are very slightly curved, convex forwards. The 
2p glabellar lobes thus delimited equal just over one-fifth of the length of the 
glabella and are a little longer {exsag.) than the 3p lobes, in front of which the 3p 
glabellar furrows are shorter [tr.) and straighter than the 2p furrows. The foregoing 
notes on the glabellar furrows apply to the internal mould, upon which they are 
narrow and incised ; on the external surface of the exoskeleton the furrows appear 
shallower and broader (see PI. 4, fig. 4 and PI. 5, fig. 6), and the unfurrowed median 
band occupies about half the glabellar breadth. The largest cranidia show the 
glabella expanding forwards only slightly in front of the 3p glabellar furrows, but 
on the smallest example available (PI. 5, fig. 6) the corresponding expansion is more 
pronounced. The glabella is bounded frontally by a narrow (sag.), raised anterior 
border from which it is separated by a deep, narrow furrow that merges with the 
equally deep and narrow axial furrows. The occipital furrow is narrow (sag.), 
transversely straight and of only moderate depth, whilst the occipital ring has not 
been found completely preserved. The palpebral lobes are elongated, semielliptical 
in plan, situated only a short distance outside the axial furrows and extend from 
opposite the centre of the 3p glabellar lobes until opposite the centre of the ip lobes. 
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The palpebral lobes themselves are flattened dorsally and show no palpebral furrows. 
From them the anterior branches of the facial suture diverge forwards a little more 
strongly than do the axial furrows, delimit very small, triangular anterior halves 
of the fixigenae, and run in almost straight hnes to the anterior border ; there they 
turn adaxially through almost a right-angle and meet frontally in a gentle curve in 
front of and below the top of the anterior border. The remainder of the fixigenae 
and the posterior branches of the facial suture are not preserved. 

The anterior half of a cranidium figured here as a latex cast (PI. 4, fig. 4) shows the 
surface of the exoskeleton, excluding furrows, covered with closely spaced perfora- 
tions. Similar perforations are seen on the glabella of a very small cranidium (PI. 5, 
fig. 6), but it is not clear whether in either case this ornamentation extends on to the 
anterior border. 

The pygidium is a little more than twice as broad as long, moderately convex and 
transversely semielliptical in outline, shghtly obtuse posterolaterally and ending in a 
bluntly pointed tip. The axis stands higher than the pleural regions, its front 
occupies one-third of the pygidial breadth, and the straight sides converge gently 
to the blunt tip. In addition to the large articulating half-ring there are four almost 
equisized axial rings, separated by transversely straight ring furrows, and a short 
terminal piece. The plump pleural fields pass laterally into a broad [tr.), steeply 
dechned border which carries a conspicuous ornamentation of thin, anastomosing 
ridges and runs immediately behind the tip of the axis. Each pleural field has a 
conspicuous anterior half-rib delimited by a deep, interpleural furrow that curves 
gently backwards abaxially as far as the lateral border. Behind is a further con- 
spicuous rib, bounded by a deep pleural furrow and bearing a faint interpleural 
furrow, but beyond this point there are only faint traces of additional furrows. 

Dimensions (in mm, IM = internal mould, EM = external mould). 



It.7913 

Length of glabella 2-5 estd (IM) 

Max. breadth of glabella 2*0 (IM) 

Breadth across palpebral lobes - 

Length of pygidium - 

Breadth of pygidium - 

Length of axis - 

Frontal breadth of axis - 



It.7914 


It.7917 


It.7918 


It.7928 


2-6 (IM) 


- 


- 


2*0 (EM) 


1-8 (IM) 


- 


- 


1*4 (EM) 


3*2 estd (IM) 


- 


- 


2*4 (EM) 


- 


1-3 (EM) 


1-6 (EM) 


- 


- 


3-0 (EM) 


4*1 (EM) 


- 


- 


i-i (EM) 


1*3 (IM) 


- 


- 


i*i (EM) 


1*2 (EM) 


- 



Discussion. The type species A. erratica Tjernvik (1956 : 198, pi. i, figs. 24-26) 
is of lower Arenig age and comes from the Upper Planilimbata Limestone of Sweden. 
Like A. pamphylica it has faint glabellar furrows but the glabellar outhne is pro- 
portionately broader, with the frontal lobe more convex forwards in plan. The 
palpebral lobes of A, erratica are set slightly farther forwards and the anterior 
border appears to be smaller. The pygidium of the Swedish species is shorter and 
tapers to a blunt point, the tip of the axis is better defined, and there are only three 
axial rings in addition to the terminal piece. Both species have an unfurrowed 
pygidial border ornamented with terrace-lines subparallel to the margin. Agerina 
praematura Tjernvik (1956 : 200, pi. i, figs. 22, 23) has a glabellar outline very Uke 
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that of A, pamphylica, but the glabellar furrows are more deeply incised and there 
is a low median carina. The pygidial outline, though generally similar to that of 
the Turkish species, is relatively shorter and the narrower border is apparently 
delimited by a shallow furrow. There is no evidence of the pitted ornamentation 
found on the cephalon of A, pamphylica, and the pygidium of the latter lacks the 
granulated surface described by Tjernvik. A. praematura is the oldest described 
species and comes from the Ceratopyge Limestone, upper Tremadoc Series, of 
Sweden. 

Proetus Wohrmanni Schmidt (1907 : 61, pi. i, fig. 12 ; pi. 3, fig. 10), from Stufe 
Bgb of the east Baltic region, was assigned to Agerina by Tjernvik (1956 : 199) who 
distinguished it from A, erratica by its lack of genal spines and by its trapezoidal, 
as opposed to triangular, rostral plate. As far as can be judged from Schmidt's 
illustrations, Agerina woehrmanni has a slightly broader glabellar outline than A. 
pamphylica ; the glabella is more constricted at the glabellar furrows ; the 3p 
glabellar lobes are smaller ; and the frontal glabellar lobe is more rounded in plan. 
Tjernvik pointed out that Schmidt's species is younger than A. erratica, but neverthe- 
less it is no later than Arenig in age and the genus is not known outside the late 
Tremadoc and Arenig Series. 

A small pygidium, It.7921 (PI. 4, fig. 9), from the type locality of Agerina pamphy- 
lica has the tip of the axis slightly longer and better defined than that of the new 
species, whilst the pleural regions, on which are visible two fused pleurae followed by 
small unfurrowed areas, are bounded by a shghtly raised border that is ornamented 
with terrace-lines. The surface of the exoskeleton shows pitting like that of A. 
pamphylica but in other respects the specimen differs from the pygidia ascribed to 
that species. The even curvature of the margin and the slightly raised border recall 
the pygidium of Agerina praematura Tjernvik (1956 : pi. i, fig. 23), but the latter 
has a broader, less well-defined axis and granulated surface. For the present this 
specimen is questionably referred to Agerina ? 

Genus PSEUDOPETIGURUS Prantl & Pfibyl, 1948 

Type species. Cheirurus Hofmanni Perner, 1900. 

Pseudopetigurus cf. hofmanni (Perner) 

(PI. 5, figs. 13, 14, 16) 

1900 Cheirurus Hofmanni Perner, pp. 3, 13, pi. i, figs. 1-5, text-fig. i. 

1948 Pseudopetigurus hofmanni (Perner), Prantl & Pfibyl, p. 18, pi. 3, figs. 2-4, text-figs. 7, 8. 

Figured specimen. BM. It.7931. 

Locality and horizon. B.651 at the Sobova Valley section, in the limestone 
member of the Sobova Formation. 

Description. A single incomplete cranidium has the glabella slightly longer than 
broad in plan view, standing notably higher than the fixigenae. From the trans- 
versely straight occipital furrow the glabella expands forwards to attain, at about 
mid-point, a maximum breadth of one and a half times the basal breadth ; the glabel- 
lar outline then narrows more gradually, forming a tumid frontal glabellar lobe that 
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arches down and backwards to the preglabellar furrow. The axial furrows are 
narrow and sharply defined, forming an even, continuous curve with the preglabellar 
furrow. There is no sign of glabellar furrows. The front of the cranidium lacks 
the anterior border and the anterolateral portions of the fixigenae, but the latter 
can be seen to curve around at least part of the frontal glabellar lobe. The occipital 
furrow is deep and broad (sag.) on the internal mould and transversely straight, 
whilst the occipital ring is of uniform breadth (sag.) for the most part but narrows 
a little abaxially where it curves gently forwards and extends laterally just beyond 
the base of the glabella. The fixigenae lack the abaxial margins and eyes, but pos- 
teriorly they are bounded by a deep posterior border furrow which is set slightly 
behind the line of the occipital furrow. The exoskeleton is preserved on part of the 
glabella and on what remains of the fixigenae ; its surface (see especially PI. 5, 
fig. 13) is ornamented with numerous closely grouped granules and interspersed 
tubercles of larger size which show also on the internal mould. The remainder of 
the exoskeleton is unknown. 

Dimensions. Projected length of cranidium = ii-2 mm estd ; max. breadth 
of glabella = 8-o mm ; basal breadth of glabella = 5-2 mm. 

Discussion. Although incomplete, the Turkish cranidium bears a striking 
resemblance to those figured as Cheirurus Hofmanni by Perner (1900 : pi. i, figs.3-5) 
and is also of comparable size. Pemer (1900 : text-fig. i) drew particular attention 
to the unusual ornamentation of the exoskeleton, comprising numerous granules 
with interspersed larger tubercles, and this was noted also by Prantl & Pfibyl (1948 : 
17) who reproduced some of Perner's original illustrations. The Sobova cranidium 
shows virtually identical ornamentation on the outer surface but it is not possible 
to ascertain whether the four pairs of glabellar muscle impressions described by 
Prantl & Pfibyl (1948, text-figs. 7, 8), presumably from internal moulds, are also 
present. P, hofmanni is from the Komarov Beds, D-d^^, of Kvan, Bohemia, where 
it was said by Perner to occur with Amphion (now PUomerops) lindaueri Barrande. 
The Komarov Beds are nowadays included by Havlicek {in Cepek & Zoubek 1961 : 
78) as the upper half of the Klabava Formation, of Arenig age. 



Family LECANOPYGIDAE Lochman, 1953 ? 

Genus SOBOVASPIS nov. 

Type species. Sobovaspis tuberculata sp. nov. 

Diagnosis. Cranidium strongly convex. Glabella longer than broad with outline 
slightly expanded posteriorly from subquadrate frontal glabellar lobe. Three pairs 
glabellar lobes visible ; ip lobes small, narrow, bounded by shallow ip furrows ; 
2p lobes poorly defined ; only faint traces of third pair. Preglabellar field narrow 
{sag) and flat ; anterior border low and thickened. Palpebral lobes close to and 
opposite median third of glabella, and steeply declined adaxially. Anterior branches 
of facial suture divergent forwards ; posterior branches gently curved posterolaterally. 

Distribution. Arenig Series of southern Turkey. 
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Sobovaspis tuberculata gen. et sp. nov. 

(PI. 4, figs. 3, 8, 10-15) 

Diagnosis. As for genus. 

Holotype. BM. It.7920 (PI. 4, figs. 8, II, 13). 

Paratypes. BM. It.7922 (PI. 4, fig. 10), It.7923 (PL 4, figs. 12, 14, 15), It.7924 
(PI. 4. fig. 3). 

Locality and horizon. Locality B.651 at the section on the northwest side of 
the Sobova Valley, in the hmestone member of the Sobova Formation. 

Description. Three fragmentary cranidia and one incomplete librigena are 
available. The glabella is almost trapezoidal in plan with slightly convex sides 
converging gently forwards to a frontal glabellar lobe which is sub-rectangular in 
outUne, transversely straight frontally, with rounded anterolateral angles. The 
axial furrows are deep and broad overall but, particularly in the case of the largest 
specimen, the lateral margins of the glabella are poorly defined. Although the 
occipital furrow and occipital ring are not preserved, the glabella is apparently longer 
than broad in the ratio 4 : 3 (estd), and whilst the transverse convexity is only 
moderate, the dorsal surface is strongly arched-down frontally. There are three 
pairs of glabellar lobes which increase in size from front to back of the glabella. 
The 3p and 2p glabellar furrows are short [tr,) and so ill-defined as to be scarcely 
visible, though apparently directed shghtly backwards adaxially. Those of the ip 
pair are more conspicuous, deepest at their intersection with the axial furrows, 
becoming shallower as they curve strongly backwards, and dying out before they 
attain the occipital furrow. The ip glabellar lobes thus delimited are small and 
relatively elongated, approximately one-third of the glabellar length, and each about 
two and a half times as long as broad. A shallow preglabellar furrow separates the 
well-defined front of the glabella from the flat preglabellar field which is narrow (sag.) 
medially but broadens abaxially (see PI. 4, figs. 13, 15) where its boundary with the 
fixigenae is not clearly delimited. The anterior border is broadest (sag.) medially, 
low and of thickened appearance. The holotype retains a portion of the fixigena 
adjacent to the eye, which is sited a short distance outside the axial furrow and has a 
length about one-third that of the glabella. Another specimen (PI. 14, fig. 10) 
shows the left palpebral lobe to be of narrow, rim-like form, strongly convex in plan 
and delimited by a conspicuous palpebral furrow. The anterior branches of the 
facial suture are strongly curved, running abaxially forwards from the eyes until 
approximately level with the front of the glabella and then turning adaxially to meet 
the anterior cephalic margin just outside the line of the axial furrows. One in- 
complete cranidium shows the left posterior branch of the facial suture. It runs 
only slightly backwards abaxially in a gentle curve so that the posterior half of the 
fixigena is narrow {exsag) and subtriangular. The posterior border is incomplete, 
but it is estimated that the distance from the intersection of suture and posterior 
cephalic margin to the axial furrow approximately equals the basal glabellar breadth. 
The surface of the glabella is ornamented with numerous large, low, scattered 
tubercles ; the intervening spaces carry closely packed, fine granules which are 
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visible only under the microscope and sometimes partially coalesce to form thin 
ridge-like structures. Large tubercles are more abundant on the two smaller 
cranidia than on the relatively large holotype. The fine granulation extends on to 
the preglabellar field and at least part of the fixigenae and anterior border. The 
frontal portion of the anterior border carries several terrace-lines. 

An incomplete left librigena (PI. 4, fig. 3) is roughly quadrant-shaped and has a 
well-developed eye platform below which the convex cheek surface curves steeply 
down to the shallow lateral border furrow. This part of the librigena carries very 
fine granulation and, particularly just below the eye platform, large tubercles 
similar to those ornamenting the glabellar surface. In some instances the tubercles 
are themselves ornamented by groups of small granules. The margin of the lateral 
border has several conspicuous terrace-lines like those on the anterior border. Only 
part of the posterior branch of the facial suture remains, but it probably cuts the 
posterior border a short distance from the presumed genal angle. 

The remainder of the exoskeleton is unknown. 

Dimensions (in mm). 





lt.7920 


lt.7922 


it.7923 


Frontal breadth of cranidium 


9*0 estd 


5*6 estd 


4.4 


Frontal breadth of glabella 


4*2 


2*6 


2-0 


Basal breadth of glabella 


6*0 estd 


- 


- 


Distance across palpebral lobes 


I0‘0 estd 


8*4 estd 


- 



Discussion. Although Sobovaspis tuberculata is quite distinct from all the 
genera accompanying it in the Sobova Formation, its assignment to a family is 
difficult owing to paucity of material and poor preservation, so that the genus is 
placed only questionably in the Lecanopygidae. The latter family was defined by 
Lochman (1953 : 889) as : ‘ Trilobites with opisthoparian subisopygous exoskeleton ; 
glabella broadly conical to subquadrate, pre-glabellar area present or absent, all 
furrows narrow and shallow, eyes about medium size, usually opposite center of 
glabella, fixed cheek-palpebral area very narrow, posterior area strap-like in shape ; 
free cheek with short slender genal spine. Thorax unknown. Pygidium semi- 
circular, axis wider or narrower than pleural regions, length variable, often with low 
post-axial ridge, usually 3 axial rings, no border furrow, medium-width border. 
Outer surface smooth.' Using the criteria of glabellar outline, position of eyes, 
proportions of fixigenae and course of facial suture, what is known of Sobovaspis 
would certainly fall within the limits of such definition, though the large, abaxially 
convex palpebral lobes, well-developed anterior border and coarse tuberculation are 
more doubtful. The type species of Lecanopyge, L, expansa Raymond (1937 : iioi, 
pi. 2, figs. 6-8) from the Gorge Formation, Upper Cambrian, at Highgate Falls, 
Vermont, was shown originally to have three well-defined pairs of glabellar furrows, 
though Raymond's text stated that they were less distinct than in his illustrations. 
A more recent diagnosis of the genus by Lochman {in Moore, 1959 : 0 380, Fig. 287, 
la) noted three faint pairs of glabeUar furrows, though her illustration of the type 
species has only a single pair, delimiting small ip glabellar lobes, whilst the 
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preglabellar field and anterior border are of equal breadth (sag,), Raymond's original 
account of Lecanopyge expansa described the surface of cranidium and pygidium 
as punctate, whilst very fine granules cover much of the cranidium of Sobovaspis. 
The latter's additional ornamentation of large tubercles also disagrees with the original 
diagnosis of Lecanopygidae, but since then Reubenella rex Lochman (1966 : 543, 
pi. 62, figs. 19-25) with ‘ outer surface coarsely granular' 3ind Strigigenalis amerada 
Lochman (1966 : 543, pi. 62, figs. 26-30, 35) with ‘ outer surface covered with granules 
of two sizes ' have been assigned to the family. Both species are from the Arenig 
Series of Montana. 

Family PHILLIPSINELLIDAE Whittington, 1950 
Genus PHILLIP SINELL A Novak, 1886 

Type species. Phacops parabola Barrande, 1846. 

Phillipsinella matutina sp. nov. 

(PI. 5, figs. 2-5, 9-11) 

Diagnosis. Glabella clavate with frontal lobe almost half median length. 
Palpebral lobes sited behind centre in relation to glabella. Anterior border forms 
low rim around front of glabella. Fixigenae small. Surface ornamented with 
Bertillon pattern of ridges, separated by concentric rows of small pits. Pygidium 
has well-rounded outline, its posterior margin slightly arched medially. Axis 
with three rings, traces of fourth ; tip undefined. Pleural fields show two fused 
pleurae ; border slightly raised. 

Locality and horizon. B.651 at the Sobova Valley section, in the limestone 
member of the Sobova Formation. 

Holotype. BM. It.7926 (PI. 5, figs. 3, 9). 

Paratypes. BM. It.7925 (PI. 5, figs. 2, 5, 10), It.7927 (PI. 5, figs. 4, ii). 

Description. The species is represented by three small specimens, two in- 
complete cranidia and one incomplete pygidium. The glabella is clavate in outline 
with almost the whole of the anterior half occupied by a frontal glabellar lobe that 
expands to a breadth equal to three-fifths of the length of the glabella, and projects 
forwards strongly in a prominent arch. The posterior half of the glabella is mostly 
parallel-sided but the hindmost portion expands slightly, immediately in front of 
the transversely straight occipital furrow. The occipital ring is broadest (sag.) 
medially and its posterior margin curves gently forwards abaxially to terminate 
just beyond the sides of the glabella. There are no distinct glabellar furrows. The 
frontal glabellar lobe is bounded by a low', rim-like anterior border, from which it is 
separated by a narrow groove. The anterior border broadens (exsag.) slightly at 
or near its intersection with the frontal ends of the axial furrows. The latter are 
narrow and deep over their posterior halves, which are set high alongside the glabella, 
but become shallower as they arch down frontally. The anterior halves of the 
fixigenae are narrow (Ir.) and flange-like, and the anterior branches of the facial 
suture diverge forwards parallel to the axial furrows. Although the palpebral 
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lobes are not preserved, it is clear that they were positioned well behind a transverse 
line through the centre of the glabella. The posterior halves of the fixigenae, 
though fragmentary, appear to be small and subtriangular, with the posterior 
branches of the facial suture curving backwards posterolaterally. The posterior 
border, again incomplete, is apparently narrower {exsag) than the occipital ring and 
delimited by an almost transversely straight posterior border furrow. The surface 
of the glabella is ornamented with a Bertillon pattern of narrow, low ridges, in 
between which are sited concentric rows of small pits (see especially PL 5, fig. 9). 
No ornamentation is visible on the internal mould. 

An incomplete pygidium preserved as the internal mould has an estimated breadth 
and median length of 2-5 mm and i-2 mm respectively. The outline is sub-semi- 
circular, becoming more convex posterolaterally, whilst there is a suggestion of a 
slight median indentation (incompletely preserved) where the posterior margin is 
slightly arched transversely. The axis tapers gently backwards, bounded by straight 
axial furrows which terminate abruptly at three-quarters of the pygidial length, 
and the tip is not defined - apparently an original feature, though minor abrasion 
cannot altogether be ruled out. The first axial ring furrow is broad (sag) and 
conspicuous, but the second is much shallower ; there is only a trace of the third, 
and both it and the fourth ring furrow are indicated by pairs of small, pit-like 
depressions near the axial furrows. The border of the pygidium forms a slightly 
raised rim, delimited by a broad, shallow border furrow. The pleural fields show 
evidence of two fused pleurae, each carrying a conspicuous pleural furrow which 
curves backwards abaxially to cross the border furrow and merge with the pygidial 
border. 

Dimensions (in mm, IM = internal mould, EM = external mould) . 



It.7925 It.7926 

Median length of cranidium - 2*2 (EM) 

Median length of glabella 2-0 (IM) 1*7 (EM) 

Max. breadth oh glabella 1-2 (IM) 0-9 (EM) 

Basal breadth of glabella o*8 estd (EM) o*6 (EM) 

Max. breadth of pygidium - - 

Median length of pygidium - - 



It.7927 



2-5 estd (EM) 
1-2 (EM) 



Discussion. Phillipsinella is best known from its abundance in the middle 
Ashgill Series, at which horizon P. parabola (Barrande), described in detail by Whit- 
tington (1950 : 559) and Kielan (i960 : 72), has proved of stratigraphical value in 
both western and central Europe, but trilobites of similar type evidently had a long 
Ordovician history, though their systematic relationships are not yet fully under- 
stood. Other records include Phillipsinella parabola in the Upper Chasmops Lime- 
stone (high Caradoc Series) of Ringerike, southern Norway (Stprmer, 1953 : 87), 
whilst in the Caradoc Series of Sweden Thorslund (1948 : 346) noted P. cf. parabola 
in the Lower Chasmops Series of Kinnekulle, and Olin (1906 : 78) recorded P. 
parabola from the Upper Ludibundus Beds of Scania. In still older strata is 
Phillipsinella sp. recorded from the Uhaku Stage, Llandeilo Series of Ostergotland 
(Jaanusson i960 : 234) and Siljan, Sweden (Jaanusson 1963 : 37), dJiAPhillippsinella 
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(sic) borealis was erected by Kummerow (1927 : 13, pi. i, figs. 7, 8) on material from 
an erratic boulder of ' unteren roten Orthocerenkalkes supposedly Arenig Series, in 
East Prussia. Thanks to the courtesy of Dr. K. Diebel of the Geologisch-Palaonto- 
logisches Institut of the University of East Berlin, I have been able to examine 
Kummerow's two syntypes. The cranidium of P. borealis, although incomplete, 
has the glabellar outline much less expanded frontally than that of P. parabola and 
the fixigenae are narrower ; in these respects it approaches closer to P. matutina, 
but the latter has the front of the glabella more strongly convex forwards in plan. 
The pygidium of P. borealis is larger and more quadrate in outline than that of P. 
matutina and the border forms a more distinct brim, but both appear to share a 
transverse arching and slight median indentation at the sagittal line. Each anterior 
band of the pleurae composing the pleural regions of the pygidium of P. borealis 
carries a conspicuous ornamentation comprising up to three distinct, subparallel 
ridges (somewhat resembling terrace-lines) that begin transversely at the fulcrum 
and then curve strongly back posterolaterally, terminating at the border furrow. A 
similar form of ornamentation is seen on the pygidium of P. parabola (see Kielan 
i960 : 73) and in both forms it is accompanied by numerous closely spaced punctae, 
particularly on the abaxial portions of the pleural fields. Another interesting feature 
common to both P. parabola and P. borealis is the presence in the axial furrows of the 
cranidium of two pairs of small pits, structures first described by Kielan (i960 : 72), 
who termed them anterior and posterior pits, and later confirmed in Welsh Ashgill 
material by Whittington (1966 ; 79). Similar pits have not yet been seen in P. 
matutina but the corresponding part of the exoskeleton is incompletely preserved. 

The above notes suggest there is some justification for retaining P. borealis in 
Phillipsinella, whilst the Turkish specimens do not exhibit sufficient features to 
warrant placing them in a separate genus. 

Tripp (1962 : 9) stated that P. borealis appeared to be referable to Kirkdomina as 
the cranidium agreed in all essential features with that of the type species K, 
williamsi Tripp (1962 : 9, pi. 2, figs. 4, 5) from the Confinis Flags (Porterfield Stage) 
of the Girvan District, Scotland. At the time of its introduction K, williamsi was 
known only from a cephalon and a cranidium and was placed in the Family Stygini- 
dae, but subsequently Tripp (1967 : 48, pi. i, figs. 27, 28) described from the Stinchar 
Limestone a cranidium and an isolated pygidium of styginid type that were assumed 
to belong to the same species. Whether or not the latter pygidium is correctly 
attributed to K, williamsi, Tripp's assertion (1962 : 10) that the pygidium of P. 
borealis is of styginid type seems to me dubious, and Kummerow's species has more 
features in common with the Phillipsinellidae than with the Styginidae, which are 
in turn regarded by Whittington (1963 : 83) as synonymous with the Scutelluidae. 
The supposed relationship of P. borealis to K. williamsi on the basis of the cranidium 
may be more securely founded, but is not yet proven. 

Family LICHIDAE Hawle & Corda, 1847 
Genus METOPOLICHAS Gurich, 1901 

Type species. Metopias hUbneri Eichwald, 1842. 
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Metopolichas sp. 

(PI. 5, figs. I, 7, 8, 12, 15 ; PI. 6, figs, i, 5, 10, 15) 

Figured specimens. BM. It.7905 (PI. 5, fig. i), It.7929 (PI. 5, figs. 7, 12, 15), 
It.7930 (PI. 5, fig. 8), It.7932 (PI. 6. figs. I, 5), It.7938 (PI. 6, fig. 10), It.7942 (PI. 6, 

fig- 15)- 

Locality and horizon. B.651 at the Sobova Valley section, in the limestone 
member of the Sobova Formation. 

Description. A single fragmentary cranidium shows the outline of the median 
glabellar lobe to be narrowest immediately behind its centre. Thence the anterior 
half of the median lobe becomes broader anteriorly, its sides bounded by longitudinal 
furrows which are deepest here, diverging forwards at slightly less than a right-angle, 
but which become slightly shallower posteriorly and curve through almost 180 degrees 
around the elliptical bicomposite lateral lobes. Opposite the posterior half of the 
bicomposite lobes, the median glabellar lobe is narrow and slightly depressed, but 
behind them it broadens and becomes slightly more convex until truncated by the 
deep, transversely straight occipital furrow. The hindmost portion of the median 
lobe is not sharply defined laterally, and the longitudinal furrows there are represented 
only by a pair of shallow depressions, the left one of which is slightly the shallower. 

The hypostoma is slightly broader than long, its posterior margin indented by a 
conspicuous, rounded median notch. The relatively large, parallel-sided median 
body occupies about five-eighths of the overall length and slightly more than half 
the total breadth, and is completely circumscribed by a deep, broad furrow ; its 
posterior margin is transversely straight but the anterior margin is broadly rounded. 
The median body is divided into two unequal lobes, the posterior of which is much 
the smaller, by a median furrow that is deep and broad (exsag.) abaxially but ob- 
solete medially, so that it forms in effect a pair of furrows that run inwards and 
diagonally backwards. Consequently the posterior lobe narrows (sag.) medially 
but abaxially has the appearance of a pair of sub-triangular lobes not unlike basal 
glabellar lobes. The anterior lobe occupies almost two-thirds of the length of the 
median body and is transversely oval in outline. The anterior wings are small, 
sited opposite the centre of the anterior lobe and continuous with the narrow (sag.) 
anterior border. Immediately behind them is a pair of small lateral notches, to the 
rear of which the hypostomal outline broadens rapidly to attain its maximum 
opposite the posterior lobe before narrowing more gradually to the bifurcated pos- 
terior margin. The surface of the posterior wings is ornamented laterally with anas- 
tomosing ridges that become weaker and pass into lines of small tubercles towards 
the median notch, whilst that of the median body, excluding furrows, is covered 
with closely grouped punctae (see PI. 6, fig. 15). 

The pygidium is represented by only a single fragment (PI. 5, fig. 8) showing the 
incomplete left half of the doublure and part of the external mould of the dorsal 
exoskeleton. Two pairs of large pleural spines are evident, their free points directed 
almost posteriorly ; the pygidial margin at the sagittal line is not preserved but there 
is no indication of a third pair of pleural spines. The outer surface of the doublure 
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is covered with conspicuous anastomosing terrace-lines that follow a course sub- 
parallel to the pygidial margin, including spines. Risk of breakage has not per- 
mitted the use of latex to make a cast of what remains of the dorsal exoskeleton, but 
a plasticine cast shows the tip of the axis to be swollen, passing posteriorly into a 
low ridge, whilst the pleural region has two pairs of pleurae that carry deep pleural 
furrows and are separated by equally deep interpleural furrows. The surface of 
the exoskeleton is covered with coarse, closely grouped tubercles, a characteristic 
form of lichid ornamentation shown also on broken fragments of the cranidium 
(see PI. 5, fig. i). 

Dimensions (in mm, IM = internal mould, EM = external mould). 



Cranidium 




It.7932 




Median length of glabella 




6-2 estd (IM) 




Max. breadth of median glabellar lobe 


4-2 (IM) 




Min. breadth of median glabellar lobe 


1-4 (IM) • 




Estd basal breadth of median glabellar lobe 


2-2 (IM) 




Hypostoma 


It. 7929 


It.7938 


It.7942 


Overall length 


6-8 (IM) 


6-5 estd (EM) 


5-7 (EM) 


Median length 


5-5 (IM) 


5-3 (IM) 


4-8 (EM) 


Overall breadth 


7-0 (EM) 


6-6 estd (EM) 


5-8 estd (EM) 


Length of middle body 


4-2 (IM) 


4-1 (IM) 


3-7 (EM) 


Breadth of middle body 


4-3 (EM) 


3-9 (EM) 


- 



Discussion. The systematic position of such incomplete material is not certain 
but the h5q)ostoma matches best that of Metopolichas, and the fragmentary cranidium 
and pygidium do not disagree with this evidence. Tripp (1957 : 113) pointed out 
that although the hypostoma of the type species M. huebneri (Eichwald), from the 
Middle Ordovician of Estonia, is not known, the structure has been described for 
six other species customarily ascribed to the genus. The hypostoma of the Sobova 
species does not agree with any previously described, and additional material would 
probably necessitate the erection of a new name. In some respects it resembles the 
hypostoma of M. verrucosus (Eichwald) as figured from the Asaphus Limestone of 
Oland, Sweden, by Warburg (1939 : pi. 3, figs. 3, 4) but the Turkish specimens have 
a longer, more nearly parallel-sided median body on which the anterior lobe is larger 
and more tumid ; the lateral border is narrower frontally ; and the posterior wings 
do not project so far laterally. 

Although Tripp (in Moore, 1959 : 0 496) stated that in Metopolichas the longi- 
tudinal furrows do not extend beyond (i.e. longitudinally behind) the bicomposite 
lateral lobes, in certain of the species attributed by him to the genus (Tripp 1958 : 575) 
there is evidence that the furrows extend, in an attenuated form, to the occipital 
furrow. Tripp (1957 : 113) had earlier noted that in the closely related genus 
Lichas (s.s.) some species ' are equivocal in their cranidial features ' and it seems 
likely that Metopolichas behaves in a similarly variable manner. Detailed com- 
parison of the Sobova cranidium is not possible but it bears some resemblance to 
that of M, erici (Warburg 1939 : 34, pi. 5, figs, i, 2), described from the Asaphus 
Limestone of Oland, Sweden, and said to occur also in Stage of the East Baltic 
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region. The Swedish species may be distinguished by the position of the bicomposite 
glabellar lobes, which are set slightly farther forwards, whilst the base of the median 
glabellar lobe is relatively narrower (though bounded laterally by similar shallow 
depressions) and the frontal glabellar lobe projects forwards more strongly. 



Family GYCLOPYGIDAE Raymond, 1925 
Genus PRICYCLOPYGE R. & E. Richter, 1954 

Type species. Aeglina prisca Barrande, 1872, from the Sarka Beds, Llanvirn 
Series of Bohemia, by original designation. Nowadays Pricyclopyge prisca is 
regarded as a subjective synonym of P. binodosa (Salter, 1859) ~ see later. 

Pricyclopyge superciliata sp. nov. 

(PL 6, figs. 2, 4, 6, 8, 9, 14) 

Diagnosis. Pricyclopyge with occipital ring and unfurrowed glabella confluent, 
their combined length just less than their maximum breadth ; combined outline 
expands forwards to maximum just in front of centre. Frontal glabellar lobe 
broadly rounded in plan. Anterior halves of fixigenae narrow, band-like ; pos- 
terior halves small, triangular. 

Holotype. BM. It.7933 (PI. 6, figs. 2, 6, 8). 

Paratypes. BM. It.7935 (PI. 6, fig. 4), It.7937 (PI. 6, fig. 9), It.7941 (PL 6, 
fig. 14). 

Locality and horizon. The species is known only from locality C.429, 1*5 km 
east of the village of Kizilca, 17 km northwest of Seydi§ehir. The locality is in 
limestones correlated broadly with the limestone member of the Sobova Formation, 
but see discussion of age later. 

Description. Only a few cranidia and fragmentary librigenae are available. 
The largest cranidium is slightly wdder than long, composed largely of the confluent 
glabella and occipital ring, with very small fixigenae. The outline of combined gla- 
bella and occipital ring is narrowest posteriorly but expands by about one-third to 
attain its maximum breadth just in front of centre ; from there it narrows more 
gradually, so that the outline of the frontal glabellar lobe is bluntly rounded. In 
lateral view the dorsal surface of the glabella declines forwards only gently for just 
over two-thirds of its length but then turns sharply down and slightly back (see 
PL 6, fig. 8). Neither occipital furrow nor glabellar furrows are clearly developed, 
though their presence is suggested by faint depressions. There is also evidence 
that the occipital ring was divided into two unequal bands, the anterior twice the 
breadth (sag,) of the posterior, by a pair of short (tr,) intra-occipital furrows that are 
preserved on the internal mould of the larger cranidium (see PL 6, fig. 6). The 
fixigenae are of minimal size and extend forwards just over three-quarters of the 
length of the cranidium. Posteriorly they form small sub-triangular areas with 
the posterior branches of the facial suture curving backwards strongly ; anteriorly 
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they are continuous with the palpebral lobes, which form a pair of narrow strips 
that become slightly narrower {tr) forwards alongside the narrow axial furrows. 
Two fragmentary librigenae are illustrated. One of these (PL 6, fig. 4) retains 
part of the visual surface of the eye which, although incomplete, exhibits at least 
45 vertical rows of small lenses, with a minimum of 27 lenses present per row in the 
median portion. The lenses are hexagonally arranged and decrease in size from 
top to bottom of the eye surface. Part of a right librigena (PI. 6, fig. 9) has up 
to 33 lenses in each vertical row and retains part of the doublure with several 
terrace-lines. 

The remainder of the exoskeleton is not known. 

Dimensions (in mm, IM = internal mould, EM = external mould). 



lt.7933 

Length of cranidium 5*2 (IM) 

Median breadth of cranidium 5-8 (IM) 

Max. breadth of glabella 4*8 (IM) 

Basal breadth of glabella 3-6 (EM) 



It.7941 
3*2 (IM) 

4*3 estd 
3*5 estd (IM) 



Discussion. The close resemblance of the type species Pricyclopyge prisca 
(Barrande) to the earlier-described P. hinodosa (Salter) was noted by Whittard 
(1961 : 175) who nevertheless retained them as separate taxa. Subsequently, 
however, Marek (1961 : 30 et seq.) regarded them as subjectively synonymous, but 
distinguished two subspecies within Salterns species, namely P. binodosa hinodosa 
(Salter) and P. hinodosa longicephala (Kloucek). In the Anglo- Welsh area P. 
hinodosa hinodosa ranges through the Upper Arenig and Lower Llanvim Series, 
particularly the latter, but in Bohemia it is recorded only from the Sarka Beds, of 
Llanvirn age. The ample illustrations provided by Whittard (1961 : 172, pi. 23, 
figs. 7“2o) and Marek (1961 : 31, pi. i, fig. 20 ; pi. 2, figs, i-ii) show that although 
the glabellar outhne of P. hinodosa hinodosa is generally similar to that of the new 
Turkish species, it is slightly shorter and the posterior halves of the axial furrows 
are more divergent forwards, whilst the combined palpebral lobes and fixigenae 
are narrower. The glabella of P. hinodosa longicephala (Kloucek) from the Dobrotiva 
Beds, Llandeilo Series, of Bohemia (see Marek, 1961 : 34, pi. i, fig. 21 ; pi. 2, 
fig. 12) resembles P. superciliata more closely but the maximum breadth is attained 
farther forwards ; the eye extends farther back, so that the posterior halves of the 
fixigenae are smaller ; there is even less evidence of occipital and glabellar furrows ; 
and the eyes appear to have a large number of smaller lenses, though no detailed 
comparison is possible. 

Cyclopyge latifrons Tjernvik (1956 : 259, pi. 10, figs. 9-11, text-fig. 42A), based 
on a single cranidium from the Grey Ceratopyge Limestone (Tremadoc Series) of 
Oland, has been referred to Pricyclopyge by Marek (1961 : 31). P. latifrons has a 
deeper, broader and shorter cranidium than the new species, the axial furrows are 
less conspicuously developed, and the combined fixigenae and palpebral lobes are 
smaller and narrower. Cyclopyge gallica Tjernvik (1956 : 260, pi. 10, figs. 12-16), 
so named because of its supposed similarity to an unnamed species of Lower Arenig 
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age in the Montagne Noire of southern France, was based on type material from the 
Lower Planilimbata Limestone of Sweden. The glabella is proportionately shorter 
than that of P. superciliata, its outline more rounded frontally and less constricted 
basally, whilst the axial furrows are less well developed, the palpebral lobes are 
smaller and narrower, and the posterior halves of the fixigenae are even smaller. 

The only undoubted evidence of cyclopygids in the Sobova Formation so far 
available is from locality C.429, but a small pygidium It. 7934 (PI. 6, fig. 3) from the 
limestone member at B.651 is provisionally referred to this family, though its 
systematic position is in doubt. Semielliptical in outline, this specimen has an 
axis that occupies about half the maximum breadth and two-thirds the median 
length, and is bounded by straight axial furrows that converge at about 40 degrees 
to the small blunt tip. The axial furrows are shallow and the axis stands scarcely 
higher than the pleural fields which are only gently convex and grade into a broad 
border that narrows a little anterolaterally. The axis has one large axial ring 
whilst the pleural fields shows traces of one pair of interpleural furrows, with one 
pair of pleural furrows deepening abaxially. These furrows are apparent on the 
internal mould, but a small fragment of the exoskeleton suggests that most of the 
external surface was smooth. The pygidium is not so straight-sided postero- 
laterally as that of a typical Pricyclopyge, though the length and shape of the axis 
and the breadth of the border are not inappropriate. The form of the axis and the 
essentially smooth pleural fields might also be compared with Microparia (see 
Marek 1961 : 36 et seq.), though the pygidium of the latter is generally longer and 
more rounded in plan. 



Family SCUTELLUIDAE R. & E. Richter, 1955 
Genus PROTOSTYGINA Prantl & Pfibyl, 1948 

Type species. Illaenus hohemicus Barrande, 1872. 

Protostygina sp. 

(PI. 7, figs. I, 3, 5, 10) 

Figured specimen. BM. It.7943. 

Locality and horizon. B.651 at the Sobova Valley, in the limestone member 
of the Sobova Formation. 

Dimensions (IM = internal mould, EM = external mould). Maximum breadth 
of pygidium = 20*o mm estd (IM) ; median length = 8*0 mm (EM) ; frontal breadth 
of axis = 3*5 mm estd (EM). 

Description. A large distinctive pygidium is transversely elliptical in outline, 
notably broader than long, with a median length three-sevenths of the maximum 
breadth. The front of the pygidium forms a straight, transverse line for most of its 
length {tr.) but ends in bluntly truncated articulating facets. The dorsal surface is 
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flattened medially and arches gently down distally. The axis is of low convexity 
frontally, where it has a breadth one-fifth that of the pygidium ; it is bounded by 
straight axial furrows that converge at about 35 degrees and quickly die out, so 
that the tip of the axis merges with the smooth pleural regions. Frontally a single 
axial ring is defined by a shallow, transversely straight ring furrow ; the presence 
of a further five axial rings is indicated by the drawing together of the low ridges 
composing the ornamentation rather than by definite ring furrows. The remain- 
ing outer surface of the dorsal exoskeleton is ornamented for the most part with 
fine, closely spaced terrace-lines ; on the pleural regions these are arranged sub- 
parallel to the posterolateral margins, but they change direction at the axial furrows 
and run in curves across the axis, moderately convex forwards near the axial tip 
but becoming progressively straighter frontally. The external mould of the inner 
surface of the dorsal exoskeleton is pitted, indicating fine granular ornamentation 
(see PI. 7, fig. 3). The doublure is large, its adaxial boundary forming a smooth 
curve of slightly greater radius than the pygidial margin and extending from the 
front of the pygidium at the inner ends of the articulating facets. Its ventral 
surface is ornamented with the fine terrace-lines which curve abaxially at the points 
where the anterolateral facets turn downwards (see PI. 7, fig. 10). It is not known 
whether the curvature of the inner margin of the doublure is unbroken behind the 
tip of the axis, but this is probably the case. 

Discussion. Barrande's holotype of Illaenus hohemicus (1872 : 68, pi. ii, fig. 12), 
the type species of Protostygina, is an almost complete but damaged dorsal exoskele- 
ton which lacks the greater part of the pygidial margin. The specimen, which came 
from the Sarka Formation, Llanvirn Series, of Osek, Bohemia, was noted briefly 
by Raymond (1916 : 12) who considered it not to be an illaenid. Additional, 
better-preserved topotype material has since been described by Kloucek (1916 : 10) 
and Prantl & Pfibyl (1948 : 12, pi. 2, fig. 2 ; pi. 3, fig. i). These specimens, par- 
ticularly the last cited, suggest that the pygidial proportions, size of axis and, 
probably, the form of the doublure are comparable in the Turkish specimen. The 
latter differs in having the axial and ring furrows (the latter of similar number) still 
less well defined ; the doublure is slightly broader {exsag ) , and the outline is truncated 
anterolaterally by facets that run more strongly back abaxially. 



Family ILLAENIDAE Hawle & Corda, 1847 

Subfamily ILLAENINAE Hawle & Corda, 1847 

Genus ILLAENUS Dalman, 1827 

Type species. Entomostracites crassicauda Wahlenberg, 1821. 

Illaenus cf. herculeus Gortani 

(PI. 6, figs. 7, II, 13, 16 ; PI. 7, figs. 6-8, II, 13, 14) 

1934 Illaenus Esmarki Schlotheim sp., Gortani, p. 83, pi. 18, figs. ya- c. 

1934 Illaenus herculeus Gortani, p. 85, pi. 19, figs. la-d. 
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Figured specimens. BM. It.7936 (PI. 6, figs. 7, ii, 16), It.7940 (PI. 6, fig. 13), 
It. 7945 (PI. 7, figs. 6, 7, 13), It. 7946 (PI. 7, figs. 8, II, 14). 

Locality and horizon. B.651 at the Sobova Valley, in the limestone member 
of the Sobova Formation. 

Description. Illaenus herculeus was founded by Gortani on a single large 
incomplete cephalon and thorax from the Karakorum Himalayas, in rocks of ‘ level 
d (red beds) ' where it was said to be associated with Nileus armadillo Dalman, 
Illaenus esmarki (Schlotheim) and Panderia raniceps (Gortani). The specimen 
described as 7. esmarki is a cephalon with breadth two-thirds that of 7. herculeus, 
from which it does not appear to differ significantly. The axial furrows of ' 7. 
esmarki * are slightly concave abaxially on the illustration and extend forwards a 
little farther than those of 7. herculeus ; in this respect it much resembles the Turkish 
material, especially PI. 6, fig. 16, a cranidium in which the axial furrows are deeper 
and extend farther forwards on the internal mould than on the corresponding outer 
surface of the exoskeleton. The ornamentation of raised lines forming a Bertillon 
pattern matches that shown by Gortani's illustrations. 

Neither hypostoma nor pygidium of 7. herculeus and ' 7. esmarki * was available 
to Gortani, so it is not possible to state whether the Sobova Formation pygidia 
noted below belong here, though it seems unlikely. A single associated hypostoma 
(PI. 6, fig. 13) illustrated as an internal mould with median length 3*8 mm is 
of the type described for Illaenus (s.s.) as exemplified by 7. sarsi Jaanusson 
(1954 : pi. 2, figs. I, 2 ; Fig. 9A). Like 7. sarsi, the Sobova h}^ostoma has a trans- 
versely straight anterior margin with a broad (sag.) anterior border passing into 
large, quadrate anterior wings; a subelliptical middle body divided into two un- 
equal lobes ; and a narrow (sag.) unbroken posterior border. The Turkish hypostoma 
differs only in detail, having a slightly longer, less eUiptical middle body and anterior 
wings that are both narrower [exsag,) and longer ifr,). 

Dimensions (in mm, IM = internal mould, EM = external mould). 



It.7936 

Median length of cranidium 5*0 (EM) 

Frontal breadth of cranidium 6*2 (EM) 

Basal breadth of glabella 3-2 (EM) 

Distance across palpebral lobes - 



It-7945 
4-0 (IM) 

4-6 (IM) 

2-6 (EM) 

5*4 estd (EM) 



It.7946 

13*5 estd (EM) 
1 8*0 estd (IM) 
9*3 estd (EM) 
1 8*6 estd (EM) 



Illaenid genus and species undetermined 
(PI. 6, fig. 12 ; PI. 7, fig. 12) 

Figured specimens. BM. It.7939 (PI. 6, fig. 12), It.7947 (PI. 7, fig. 12). 

Locality and horizon. B.651 at the Sobova Valley section, in the limestone 
member of the Sobova Formation. 



THE TAURUS MOUNTAINS, TURKEY 



319 



Description. Two small pygidia are subsemicircular in outline with the anterior 
margin running slightly backwards abaxially from the axial furrows to well-rounded 
anterolateral angles. The axis is narrow, its frontal breadth about one-quarter 
that of the pygidium ; it is bounded by straight axial furrows that converge back- 
wards gently and, although deep frontally, become shallower and die out about half- 
way to the posterior margin. The larger pygidium shows traces of three narrow 
{sag.) axial rings on the internal mould (PI. 7, fig. 12), and the tip of the axis is not 
clearly defined ; the corresponding external mould lacks the axial rings and the axial 
tip is still less clear. The smaller pygidium (PL 6, fig. 12) has the axis better defined 
on the internal mould. Each specimen has a pair of narrow {exsag.) anterior half- 
ribs and a pair of small anterolateral facets, but the pleural regions are otherwise 
smooth on both outer surface and internal mould. 

Dimensions (in mm, IM = internal mould, EM = external mould). 



Discussion. Although not genetically determinable with certainty, the pygidia 
may be compared with that of Dysplanus Burmeister, 1843. Illustrations of the 
type species, D. centrotus (Dalman), first described from the Expansus Limestone 
of Sweden, have been given by both Holm (1882 : pi. 4, figs. 2, 10) and Jaanusson 
(1957 : pi. I, figs. 7, 8 ; in Moore 1959 : Fig. 283, 7d), and appear to agree essentially 
with the specimens now considered. In particular the original of Holm's pi. 4, 
fig. 10 shows axial rings of similar form and size, though the number visible is five 
instead of three ; in addition the tip of the axis is even less well defined and the pygi- 
dial outline is slightly longer and more rounded. 

The Sobova specimens bear a general resemblance to two pygidia from the 
Lower Ordovician of the Karakorum Himalayas figured by Gortani as Illaenus 
Dalmani Holm (Gortani 1934 : 87, pi. 19, figs. 2a-c) and Illaenus spitiensis Reed 
(Gortani 1934 : 88, pi. 19, figs. 3a, b). The first of the two latter is proportionately 
a httle longer than It.7947, and the axial furrows are slightly more convergent, but 
the pleural regions are similar. The other Himalayan specimen, the smaller of the 
two, has a better defined, more strongly tapered axis than the smaller Turkish speci- 
men, and is also proportionately longer, but again the pleural regions are broadly 
similar. Both Gortani's specimens came from the same locality and horizon and 
may well represent a single species. Neither agrees in detail with Illaenus spitiensis 
Reed (1912 : 95, pi. 14, figs. 4-14) from the Central Himalayas, a species in which the 
pygidium has an almost subcircular outline, a conspicuous pair of pleural furrows 
anterolaterally and a short triangular axis. On the other hand, Illaenus dalmani, 
first described by Volborth (1863 : 13, pi. 2, figs. 7-13) as I. crassicauda var. Dalmani, 



Max. breadth of pygidium 
Median length of pygidium 
Frontal breadth of axis 
Length of axis 



It.7939 

4-0 estd (IM) 



It.7947 

8-0 (IM) 
4.7 (IM) 
1*9 (IM) 
2-3 (IM) 



2-3 (IM) 
i-o (IM) 
1-2 (IM) 
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and later redescribed by Holm (1886 : 93, pi. i, figs. 7-14) is younger than the 
Turkish specimens and is distinct from both of them and, probably, the Himalayan 
material. 



Subfamily PANDERIINAE Bruton, 1968 
(nom. corr. herein ex PANDERINAE Bruton, 1968) 

Genus PANDERIA Volborth, 1863 

Type species. Panderia triquetra Volborth, 1863. 

Panderia monodi sp. nov. 

(PI. 9, figs. 2-4, 7-9 ; PI. 10, figs. 2, 5, 6-9) 

Diagnosis. Cranidium strongly convex and steeply declined anteriorly. Glabella 
defined only posteriorly by deep axial furrows that extend forwards about half length 
of cranidium. Eyes large, with palpebral furrows developed on internal mould 
but almost effaced on surface of exoskeleton. Anterior branches of facial suture 
straight, subparallel, turning adaxially only upon reaching anterior margin. Small 
anterior border and anterior border furrow may be present. Median tubercle sited 
posteriorly on glabella. Pygidium sub-semielliptical in plan, strongly convex. 
Narrow axis with straight sides defined only frontally on outer surface of exoskeleton ; 
internal mould has better-defined, broad axial furrows almost to tip of axis, together 
with five ring furrows and, parallel to margin, a ' border furrow ' that is not visible 
on the outer surface and may coincide with inner margin of doublure. 

Holotype. BM. It. 7958 (PI. 9, figs. 4, 8, 9). 

Paratypes. BM. It.7957 (PI. 9, figs. 2, 3, 7), It.7962 (PI. 10, figs. 2, 5, 6), It.7963 
(PI. 10, figs. 7-9). 

Locality and horizon. Sobova Valley, locality B.651, in the limestone member 
of the Sobova Formation. 

Description. The exoskeleton is known only from isolated cranidia and pygidia. 
The cranidium is one and a half times as broad as long in dorsal view, transversely 
convex, with front strongly arched downwards and slightly backwards. Only the 
posterior half of the glabella is defined laterally, by axial furrows that are well 
developed on both outer surface of the exoskeleton and the corresponding internal 
mould (see PI. 9, figs. 8, 9) and terminate behind a line joining the anterior ends of 
the palpebral lobes. No occipital furrow is visible on internal mould or external 
surface. The semielliptical palpebral lobes are positioned behind centre with 
respect to the cranidium ; their dorsal surface appears smooth but the internal mould 
of the largest cranidia shows each lobe to be narrow, delimited by a conspicuous 
palpebral furrow that dies out both anteriorly and posteriorly where it merges with 
the branches of the facial suture. The latter has the anterior branches straight and 
parallel as far as the margin of the cranidium, where they turn inwards through a 
right-angle and meet frontally in a gentle curve. The posterior branches curve 
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backwards strongly to cut the posterior margin longitudinally in line with the 
palpebral lobes. The posterior halves of the fixigenae thus deUmited form very 
small triangles, separated from the posterior border by a posterior border furrow 
that is markedly shallow immediately outside the axial furrows. The glabella 
has no trace of glabellar furrows and is undefined anteriorly, where the front of the 
cranidium has a narrow {sag.), slightly upturned anterior border, bounded by a 
broad (s^^g.), shallow anterior border furrow. The above description appUes 
especially to the holotype, a presumably mature cranidium which differs in some 
respects from a small paratype cranidium (PL lo, figs. 7-9) that is slightly distorted. 
In particular the unfurrowed area between the palpebral lobes and the frontal margin 
is proportionately longer, the anterior border and anterior border furrow are narrower 
(sag.), and the palpebral furrows are less well defined on the internal mould. There is 
insufficient evidence to suggest that such differences are more than intraspecific, 
reflecting different stages of ontogeny. The smallest cranidium has a small median 
tubercle on the glabella opposite the centre of the palpebral lobes, but on a larger 
specimen the corresponding structure is positioned farther back, opposite the posterior 
end of the palpebral lobes. Possibly the position of the tubercle changed during 
ontogeny. 

The remainder of the cephalon and the thorax are unknown. 

The pygidium, represented by one large and one small example, is almost semi- 
circular in plan, moderately convex both longitudinally and transversely ; the 
anterior margin, excluding articulating half-ring, is transversely straight medially 
but then runs slightly backwards abaxially and meets the lateral margins almost 
at right-angles. The axis is nearly an isosceles triangle in outline, with straight sides 
converging backwards at about 30 degrees to a blunt tip. The front of the axis 
occupies almost one-third of the anterior breadth of the pygidium. The axial 
furrows are conspicuous, very broad on the internal mould but only moderately 
deep, with the inner margins less steep than the outer margins. As far as may be 
judged from the internal mould, the axis is fairly well segmented, with the first axial 
ring complete and well defined ; the remaining rings, of which there are traces of at 
least four, are apparently less well-defined medially than laterally. The surface of 
the pleural fields declines gently abaxially as far as a well-defined ' border furrow ' 
which runs parallel to the margins and about one-fifth of the distance from each 
lateral margin to the sagittal line. The term ' border furrow ' is used here with 
some reservations as to its true nature. The corresponding portion of the dorsal 
surface of the exoskeleton of the larger pygidium has not been found but is seen to 
be smooth in the smaller specimen. It may be that the ' border furrow ' of the 
internal mould coincides with the inner margin of the doublure, though the latter 
has not yet been seen. The ‘ border furrow ' marks a change in slope of the surface 
of the pleural region which declines thence more steeply to the pygidial margin. 
The foremost part of each pleural region carries an anterior half-rib which is separated 
by a broad (exsag.) furrow and expands anterolaterally to a pair of facets. On the 
internal mould, at least, the facets mark the anterior hmit of the ' border furrow ' 
described above. The pleural fields show traces of segmentation but the number of 
ribs present cannot be distinguished with certainty. 
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Dimensions (in mm ; IM = internal mould, EM = external mould). 





it.7957 


It. 7958 


It.7962 


It.7963 


Frontal breadth of 
cranidium 


“ 


7*2 estd (IM) 




4-3 (EM) 


Maximum breadth of 
glabella 


10*4 estd (IM) 


6-2 (IM) 


— 


4*5 estd (EM) 


Distance across palpebral 
lobes 


15-6 estd (EM) 


9-6 (IM) 


— 


6-6 (EM) 


Posterior breadth of 
combined glabella and 
occipital ring 


8*4 estd (EM) 


5*1 (IM) 




3-0 (IM) 


Position of median 


Slightly in front 


Not 


- 


Opposite 


tubercle 


of transverse 
line through 
posterior 
ends of 
palpebral 
lobes 


preserved 




centre of 
palpebral 
lobes 


Distance from median 
tubercle to posterior 
cephalic margin 


5-5 (EM) 






2*9 estd (EM) 


Maximum breadth of 
pygidium 






15-0 (IM) 




Median length of 

pygidium (excluding 
articulating half-ring) 






9-0 estd (IM) 




Frontal breadth of axis 


- 


- 


4-5 (IM) 


- 



Discussion. Bruton (1968) has reviewed the various species of Panderia present 
in Scandinavia and the Baltic region, where the genus ranges through much of the 
Ordovician. None of these species seems likely to be confused with Panderia 
monodi which may, in some respects, be compared with the genus OttenhyaspiSy 
founded by Bruton (1968 : 29, pi. 12, figs. 4, 7-12) on Illaenus oriens Moberg & 
Segerberg, 1906, originally from the Tremadoc Series, Apatokephalus serratus Zone, 
of Oland and redescribed by Tjemvik (1956 : 217, pi. 3, figs. I2~i8) who assigned 
the species to Symphysurina ? There is clearly a considerable resemblance between 
Panderia and OttenhyaspiSy and Dr Valdar Jaanusson, who has been studying these 
genera, kindly informs me (personal communication, 1972) that in his opinion the 
two grade into one another and that, inter aliay the position of the median glabellar 
tubercle *“ according to him a constant feature within a species - indicates Panderia 
rather than Ottenbyaspis in the present instance. On one of the paratypes of P. 
monodi the median tubercle is sited opposite the posterior ends of the palpebral 
lobes, and in another paratype is set farther forwards, opposite the centre of the 
palpebral lobes, but the material is insufficient to demonstrate fully the variability 
of this feature. 0 , oriens differs from P. monodi in the following respects : the crani- 
dium is of lower transverse convexity ; the axial furrows become shallower 
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anteriorly ; the fixigenae are slightly wider ; the front of the cranidium is propor- 
tionately wider ; the pygidium is relatively shorter, its border is wider, the pleural 
fields are smaller and the axis is larger and better segmented on the internal mould. 

The cranidium of Ottenbyaspis perseverans (Tjernvik 1956 : 218, pi. 3, figs. i9*-22), 
from the Arenig Series of Vastergotland, has the anterior border closely similar to 
that of P. monodi but may be distinguished by the lesser transverse convexity of the 
glabella, the divergence forwards of the anterior branches of the facial suture, and 
the slightly less well-developed axial furrows. The pygidium of 0 . perseverans is 
proportionately shorter even than that of 0. oriens and the ' border ' (see description 
above) is notably wider than that of P. monodi. 

Detailed comparison with Illaenus [Panderia) raniceps Gortani (1934 : 90, pi. 19, 
figs. 5a*-d) is not practicable until the original material is redescribed, though it 
would appear that the eyes are set farther forward than those of the new species. 
7 . (P.) raniceps was described from the Ordovician of the Karakorum where it was 
said to occur with N ileus armadillo (Dalman), Illaenus esmarki (Schlotheim) and 
7 . herculeus Gortani ; its age may thus be similar to that of the present material. 

Family NILEIDAE Angelin, 1854 
Genus NILEUS Dalman, 1827 

Type species. Asaphus (Nileus) armadillo Dalmati, 1827. 

Nileus sp. 

(PI. 8, figs. 2, 3, 8-10, 14 ; PI. II, fig. 7) 

Figured specimens. BM. ^.7949 (PI. 8, figs. 2, 3, 10), It.7952 (PI. 8, figs. 8, 9, 
14), It.7969 (PI. II, fig. 7). 

Locality and horizon. Found as yet only at locality C.429, 1-5 km east of 
Kizilca, in pink, crystalline limestone of the Sobova Formation. 

Description. Nileus is represented in the present small sample by only two 
incomplete cranidia and one hypostoma. The glabella and occipital ring together 
constitute a single, almost continuous structure which is subparallel-sided for two- 
thirds its length but then, particularly on the larger cranidium, expands immediately 
in front of the palpebral lobes to form a frontal glabellar lobe that is broadly rounded 
in plan. The small occipital ring is broadest (sag.) medially, marked by a shallow 
occipital furrow that is visible only on the internal mould. The palpebral lobes are 
sited slightly behind centre with reference to the combined glabella and occipital 
ring, and their flat dorsal surfaces are steeply declined forwards (see PI. 8, fig. 8) ; 
in plan they appear elongated and semielliptical, and their overall breadth is rather 
more than one and a half times the adjacent glabellar breadth. A small median 
tubercle is sited on the glabella a little behind the line of the mid-point of the 
palpebral lobes. 

The hypostoma has a length almost five-sixths of the overall breadth and the 
middle body is notably large, its maximum breadth about two-thirds that of the 
whole. The large, convex anterior lobe is subcircular in outline, transversely trun- 
cated frontally but bounded posteriorly by a conspicuous median furrow, the abaxial 
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portions of which are deep and curve adaxially backwards at first, becoming almost 
obsolete as they flex inwards to meet medially. The posterior lobe is crescentic in 
outline and ends in a pair of conspicuous, swollen maculae ; its posterior boundary 
becomes indistinct towards the axial line, where it merges with the edge of a shallow, 
rounded median notch that indents the posterior margin of the h}T)ostoma. The 
posterior wings are of even breadth and extend forwards to within a short distance 
of the anterior border, so that the anterior wings, although not preserved, must have 
been very small. Traces of a few closely grouped terrace-lines persist on some mar- 
ginal areas of the anterior lobe of the middle body. 

Dimensions (in mm). 





lt.7949 


it.7952 


Frontal breadth of glabella 


10*4 estd 


- 


Posterior breadth of glabella 


8-4 estd 


5*5 


Median length of cranidium 


10*8 estd 


-- 


Distance across palpebral lobes 


12*2 estd 


8-9 estd 



Discussion. Nileus sp. has much in common with a number of species of early 
Ordovician age, and in particular the almost parallel-sided glabella resembles that 
of Nileus limbatus Brpgger (1882 : 62, pi. 12, fig. 7), described originally from the 
Tremadoc Series of Norway but since redescribed from Sweden where it ranges 
upwards into the Lower Arenig (Tjernvik, 1956 : 208). However, the frontal 
glabellar lobe of A. limbatus is less angular anterolaterally and more rounded fron- 
tally, and that of the present form may be better compared with N, armadillo 
(Dalman 1827) from the Expansus Limestone, Upper Arenig, of Ostergotland, 
Sweden (Tjernvik, 1956 : 208, text-fig. 33D), though the upper of Tjernvik's draw- 
ings of the latter species shows the sides of the glabella more convex in outline. The 
hypostoma assigned to Nileus sp. is of the form characteristic for the genus, though 
unusually long, whilst the posterior wings are narrow and the anterior lobe of the 
middle body relatively large. In these respects it resembles N, limbatus rather than 
other species of Nileus, 

The glabellar outline of Nileus sp. is also like that of Platypeltoides serus Tjernvik 
(1956 : 219, pi. 4, figs. I, 2, text-fig. 35N) from the Lower Arenig of Sweden, but the 
latter's flattened anterior border, smaller eyes and larger posterior halves of the 
fixigenae are distinctive. The hypostoma from locality C.429 (see PI. ii, fig. 7) 
also closely resembles that of P. serus (see Tjernvik 1956 : pi. 3, fig. 23) but has 
a more convex middle body, more distinct maculae and slightly longer, narrower 
posterior wings. Tjernvik (1956 : 219) noted the resemblance of the hypostoma 
of Platypeltoides to that of Symphysttrus, which in turn resembles that of Nileus, 
but drew attention to the distinctive median process in the notched posterior 
margin of Symphysurus, Such a process is definitely absent from the Turkish 
specimen and was said to be lacking in P. serus, though there is a suggestion of it in 
Tjernvik's illustration. The hypostoma of the type species of Platypeltoides, P, 
croftii (Callaway 1877) from the Tremadoc of Shropshire, is imperfectly known but 
Lake's description (1942 : 314-15, text-fig. 5b) suggests that a median process is 
absent from the posterior indentation. Lindstrom (1901 : 62, pi. 5, figs. 13, 18) 
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illustrated a median process on the type species of both N ileus and Symphysurus but 
stressed the variability found in the hypostoma of Nileus armadillo, and the latter 
has been figured more recently without a median process (Harrington in Moore 
1959 ; Fig. 42-17). 



Genus SYMPHYSURUS Goldfuss, 1843 

Type species. Asaphus palpebrosus Dalman, 1827. 

Symphysurus pannuceus sp. nov. 

(PL 8, figs. I ?, 4-7, II-I3 ; PL 9, figs. 5, 10-12 ; PL 10, fig. 4 ; PL 12, fig. 4) 

Diagnosis. Glabella and occipital ring continuous, strongly arched down 
anteriorly, almost as broad as long, outline slightly expanded frontally. Large 
palpebral lobes situated centrally. Pair of deep vincular notches near genal angles. 
Pygidium sub-semielliptical in plan with straight-sided axis two-thirds median 
length. Traces of four axial rings on internal mould. Pleural regions smooth 
except for anterior half-ribs. 

Holotype. BM. It.7959 (PL 9, figs. 5, 10-12 ; PL 10, fig. 4). 

Paratypes. BM. It.7950 (PL 8, figs. 4-6), It.7951 (PL 8, fig. 7), It.7953 (PL 8, 
fig. II), It.7954 (PI. 8, fig. 12), It.7955 (PI. 8, fig. 13), It.7976 (PI. 12, fig. 4). 

Locality and horizon. All the material available is from locality B.651 at 
the Sobova Valley section, in the limestone member of the Sobova Formation. 

Description. The only complete cephalon is semielliptical in plan, strongly 
convex transversely and, especially, longitudinally. No occipital furrow is visible 
on internal or external mould, though this part of the exoskeleton is not well pre- 
served, nor are there lateral glabellar furrows. The combined glabella and occipital 
ring appear especially convex in lateral view, strongly arched down frontally to 
overhang the anterior border. The glabella, surmounted by a small apical tubercle 
sited behind centre, is bounded by axial furrows which are shallowest medially, 
level with the eyes, but deepen to both back and, particularly, front where they 
form slot-like depressions immediately in front of which the front of the glabella 
broadens slightly (see PL 8, fig. 13). The palpebral lobes are semielliptical in plan, 
unfurrowed though slightly thickened posteriorly, their flat surfaces declined gently 
laterally but steeply forwards (see PL 8, fig. 5). The eyes are large, subcrescentic 
in plan, placed opposite the centre of the cephalon and with length about half that 
of the latter. The holochroal visual surfaces, though imperfectly preserved, are 
vertical and slightly convex ; below each is a narrow, raised band, bounded laterally 
by a furrow which indents the Ubrigenal surface to form an eye platform and is 
notably conspicuous on the internal mould. The front of the glabella is separated 
by a narrow (s^?g.), shallow furrow from a diminutive, rim-like anterior border (see 
PL 9, figs. 5, 12), formed by the front of the conjoined librigenae. The border 
extends laterally until approximately level with the front of the eyes, at which point 
the Ubrigenal margin is undercut by a pair of deep, sharply defined vincular notches 
which traverse the well-developed, convex doublure. When viewed laterally each 
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librigena shows a concave indentation of the margin, coincident with the vincular 
notch (see PL 9, fig. 10). The margin near the genal angles is rounded, but the 
angles themselves are not completely preserved. The anterior branches of the facial 
suture cross the axial furrows immediately in front of the eyes, turn adaxially through 
a right-angle around the anterolateral extremities of the glabella, and then gradually 
traverse the anterior border furrow so as to meet frontally in a continuous, gentle 
curve just inside the low anterior border. The posterior branches are short, running 
in gently sigmoidal curves to cut the posterior margin just inside longitudinal lines 
through the edges of the palpebral lobes. The posterior halves of the fixigenae thus 
delimited are small, subtriangular, and slightly convex posteriorly, though there is 
no clearly defined posterior border. External moulds and fragments of exoskeleton 
show the surface of the glabella and occipital ring ornamented with low, anastomosing 
ridges arranged in a Bertillon pattern, subparallel to the lateral and frontal margins 
of the glabella. Similar ornamentation, though more weakly developed, occurs on 
part of the palpebral lobes and fixigenae but has not been found preserved on the 
librigenae. 

The holotype possesses the only example of the complete thorax, comprising 
eight segments of the type characteristic for the genus. The convex axis stands 
high above the pleural regions and occupies anteriorly only slightly less than half 
the overall thoracic breadth, a proportion that decreases for the hindmost segments. 
It is bounded by well-defined, broad axial furrows in which each segment has a pair 
of large apodemes, positioned behind centre and visible on the internal mould (see 
PL 10, fig. 4). Each axial ring is transversely rectangular in plan, separated from 
the large articulating half-ring by an articulating furrow which is broad {sag.) on 
the internal mould but appears much narrower on the external surface. From the 
front of each pleura, at the axial furrow, a shallow pleural furrow runs gently back- 
wards abaxiaUy but is quickly truncated by a large, steeply declined articulating 
facet. The junction of facet and anterior pleural margin marks the location of an 
articulating process (see PL 12, fig. 4) which engages with a corresponding articulating 
socket on the preceding segment. The surface of each axial ring carries several 
curved, transverse ridges, like those of the glabella, which die out towards the 
furrows. Similar ridges occur, though not fully preserved, on the articulating facets 
and on the immediately adjacent portion of each pleura. 

The pygidium is only moderately convex, both longitudinally and transversely, 
almost semielliptical in outline, with median length, excluding articulating half-ring, 
slightly more than half the maximum breadth. The front of the axis is separated 
from the half-ring by an articulating furrow which is gently curved forwards in plan, 
narrow (sag.) and shallow on the exterior of the exoskeleton but broad and deep 
on the internal mould. The axis has a frontal breadth one-third that of the pygidium 
and is bounded by straight axial furrows which are deepest frontally but become 
shallower as they converge to the blunt tip. Its length is just over two-thirds that 
of the pygidium and there is evidence of three or four poorly defined axial rings, 
separated by straight ring furrows which are shallowest medially. The frontal 
margin of the pygidium is transverse for only a short distance outside the axial fur- 
rows, and is then obliquely truncated by a pair of large articulating facets. The 
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latter truncate also the anterior half-ribs and the single pair of deep pleural furrows. 
The surface of the facets carries closely grouped terrace-lines whilst similar though 
less crowded lines ornament the axis and the frontal portion of the pleural regions. 
In the case of the holotype the external surface of the abaxial portion of the pleural 
regions shows small, widely spaced punctae, but the impression of the corresponding 
internal surface indicates densely crowded, small granules. The holotype pygidium 
has the impression of a well-developed process below the abaxial end of the articulat- 
ing facet (see PI. 9, fig. 10) ; this corresponds to a vincular hook, as described by 
Harrington [in Moore 1959 : O 105, Fig. 78B), which functioned during enrollment 
by engaging with the cephalic vincular notch described earlier. 

Dimensions (in mm, EM = external mould, IM = internal mould). 





it.7950 


It.7951 


it.7953 


It.7959 


Max. breadth of cephalon 


- 


- 


- 


23-0* (IM) 


Frontal breadth of glabella 


1 5-0 (IM) 


- 


- 


13-5 (IM) 


Distance across palpebral lobes 


237 (IM) 


- 


- 


19-0* (IM) 


Median length of cranidium 


1 8-0 (IM) 


- 


- 


137* (IM) 


Max. breadth of pygidium 


- 


23-0* (IM) 


20-7* (IM) 


21-0* (IM) 


Median length of pygidium 


- 


10-7* (IM) 


iO‘5* (IM) 


9-7 (IM) 


Frontal breadth of axis 


- 


5-0 (IM) 


6-4 (EM) 


6-1 (IM) 


Length of axis 


7-0* (IM) 

Denotes estimated measurement. 


7-3 (EM) 


7-0 (IM) 



Discussion. Although Symphysurus is a frequently recorded genus, compre- 
hensive modern illustrations of the Swedish type species 5 . palpebrosus (Dalman 
1827) 3.re not yet generally available, although Jaanusson {in Moore 1959 : Fig. 267, 
8) has published a detailed drawing of the complete exoskeleton. Judging from 
this, 5 . palpebrosus bears a considerable resemblance to S. pannuceus, though the 
Swedish species differs in that the cephalon is probably less convex longitudinally 
and has the axial furrows more divergent forwards, whilst the pygidial axis is both 
narrower and shorter, and probably has fewer axial rings. According to V. Poulsen 
(1965 : 78) 5 . palpebrosus is characteristic of the highest Volkhovian and lowest 
Kundan Stages of Sweden (see Fig. 5) and is therefore of approximately similar age 
to the new species. 

The cranidium of Symphysurus pannuceus is very like that of S. ( 5 .) dorsatus V. 
Poulsen (1965 : 76, pi. 4, figs. 2-7) from the Skelbro Limestone, Arenig Series, of 
Bornholm, but the glabella appears even more tumid in both anterior and lateral 
views, and the axial furrows are less divergent forwards. The pygidium also closely 
resembles that of the Danish species and differs only in that the axis, which has a 
similar number of axial rings in both forms, is slightly broader, and the anterolateral 
angles of the pygidial outline are set farther forwards. 

Also in the Sobova Valley, Symphysurus blumenthali Dean (1971 : 12) has been 
described from the highest part of the Seydi§ehir Formation and, whilst also of 
Arenig age, is slightly older than 5 . pannuceus. S. blumenthali may be distinguished 
from the new species by the much less convex glabella and by the proportionately 
shorter pygidium, with narrower, less well-defined axis. 
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The well-known Scandinavian species Symphysurus angustatus (Sars & Boeck, 
1838), redescribed by Br0gger (1882 : 60, pL 3, figs. 9, 10), St0rmer (1940 : 143) and 
Tjernvik (1956 : 211, pi. 2, figs. 24, 25), has a slightly narrower, less convex glabella 
than 5 . pannuceus ; the internal mould of the pygidium of S. angustatus is similar 
in outline, form of axis and number of axial rings, but the external surface is smoother. 
S. angustatus ranges from high Tremadoc to low Arenig Series in Scandinavia, and 
in the Mediterranean region has been described as being represented by the sub- 
species 5 . angustatus sicardi (Bergeron 1895 : 478 ; see also Thoral 1935 • 269), of 
supposed Tremadoc age but possibly from Arenig strata. 

As far as the cephalon is concerned, another closely comparable species is Symphy- 
surus pater (Holub 1912 : 2, pi. i, figs. 2, 3 ; see also Prantl & Pfibyl 1949 : 4, pi. i, 
figs. I, 2) from the Komarov Beds, Arenig Series, of Klabava, Bohemia, but the 
pygidium of the Czech trilobite is clearly distinct, being relatively shorter with the 
straight frontal margin turned less strongly back anterolaterally. 

A single fragmentary hypostoma (It.7948, PI. 8, fig. i) from locality B.651, 
although too incomplete for certain identification, has the ornamentation of terrace- 
lines appropriate for Symphysurus pannuceus and is referred questionably to that 
species. The maximum length is estimated at just over three-fifths of the overall 
breadth, the posterior wings are broad and flat, and the median furrow is represented 
only by a pair of deep, broad [exsag,) notches that indent the sides of the median 
body immediately in front of a pair of poorly defined maculae. 



Symphysurus sp. 

(PI. 9> fig. I) 

Figured specimen. BM. It.7956. 

Locality and horizon. Locality C.429, 1*5 km east of Kizilca, in limestones of 
the Sobova Formation. 

Description. A single incomplete pygidium has a maximum breadth and length 
of, respectively, 8*8 mm (estd) and 4*8 mm (estd), and is almost semielliptical in 
plan. The axis has a frontal breadth of 2-5 mm and on the outer surface of the exo- 
skeleton its anterior half is bounded by straight axial furrows which are deep and 
broad frontally, converge only slightly, and die out just behind centre of the pygidium. 
On the internal mould the tip of the axis is indistinct. The surface of the axis, 
though slightly abraded, shows two axial rings, the first moderately defined, the 
second defined only laterally, but there is no clear evidence of further segmentation. 
The pleural regions are characteristic for the genus, moderately arched down and 
smooth for the most part, but with a large pair of articulating facets which truncate 
anterolaterally the anterior half -ribs. The last are bounded by pleural furrows which 
are deep and broad [exsag.) near the axial furrows but die out just outside the fulcra. 

The specimen is inadequate for detailed comparison but has a narrower, less 
tapered axis than Symphysurus pannuceus from locality B.651, and is certainly 
distinct from that species. 
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Family ASAPHIDAE Burmeister, 1843 
Subfamily ASAPHINAE Burmeister, 1843 
Genus PTYCHOPYGE Angelin, 1854 

Type species. Asaphus angustifrons Dalman, 1827. 

Ptychopyge elegans sp. nov. 

(PL 12, figs. I, 2, 3 ?, 10-12) 

Diagnosis. Outline of combined glabella and occipital ring rounded anteriorly, 
constricted medially, almost opposite large, semicircular palpebral lobes. Low 
median ridge extends from large tubercle or boss sited just in front of faint occipital 
furrow. Frontal area large, slightly concave, with median length about one- 
quarter that of cranidium. Anterior branches of facial suture weakly sigmoidal 
and meet frontally at slightly obtuse angle. 

Holotype. BM. It.7973 (PL 12, figs. I, 10-12). 

Paratype. BM. It.7974 (PL 12, fig. 2). 

Description. The species is known with certainty from only two isolated crani- 
dia. The median length of the larger is more than four-fifths of the basal breadth. 
The glabella is of low convexity both longitudinally and transversely, and its outline 
is rounded frontally but slightly constricted at a point one-quarter the length from 
the occipital furrow. The sides of the glabella are bounded by axial furrows that 
are broad and moderately deep both posteriorly and anteriorly but become shallower 
opposite the palpebral lobes and are continuous with the preglabellar furrow, which 
becomes semiobsolete medially. The short (sag,) occipital ring is poorly defined, 
separated from the glabella by a broad (sag.), shallow occipital furrow immediately 
in front of which, on the larger specimen, the hindmost portion of the glabella is 
swollen to form a large, bluntly pointed boss, its apex linked to the front of the 
glabella by a low, longitudinal, median ridge. On the smaller cranidium (PL 12, 
fig. 2) the corresponding swollen portion of the glabella is less tubercle-like and forms 
a transverse ridge at the sagittal line. The same specimen lacks the median ridge 
on the glabella, though there is a suggestion of a small median swelling on the pre- 
glabellar field. Glabellar lobes are indistinctly developed but the larger cranidium 
carries faint traces of ip and 2p lobes, especially the latter, which are sited opposite 
the centre of the eyes. The palpebral lobes are conspicuous, semicircular in plan 
with flattened dorsal surfaces gently declined adaxially, and each carries a shallow 
palpebral furrow. They are sited a short distance behind centre of the glabella, 
the breadth of which equals slightly less than half the distance across the palpebral 
lobes. The anterior branches of the facial suture diverge gently forwards from the 
eyes, at first slightly more divergent than the axial furrows, but then curve adaxially 
so that they are subparallel opposite the front of the glabella, and finally arch in- 
wards more strongly and flex forwards to meet frontally at slightly more than a 
right-angle. The median length of the frontal area equals one-quarter that of the 
cranidium. There is no distinct division into preglabellar field and anterior border, 
though the latter is suggested by a slight thickening of the frontal half of the frontal 
area. As noted earlier, the preglabellar furrow of the holotype is somewhat effaced 
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medially, so that glabella and preglabellar field appear to coalesce, and this feature 
is still more strongly developed in the small cranidium, where a median elevation 
traverses the anterior area longitudinally. 

A single, small, associated hypostoma from locality B.651 (BM. It.7975, PI. 12, 
fig. 3) lacks the posterior wings but is otherwise appropriate for the genus and is 
referred questionably to Ptychopyge elegans. The almost oval median body has a 
maximum breadth slightly more than two-thirds the length and is divided into 
unequal lobes by a median furrow that is well defined only laterally. The remaining 
right anterior wing is broad, extends about half the length of the median body and 
ends in a well-rounded tip. The specimen generally resembles several hypostomata 
figured by Balashova (1964 : pi. i) but no detailed comparison is possible. 

Dimensions (in mm). 



BM. It. 7973 



Basal breadth of cranidium 12*6 estd 

Median length of cranidium 11*3 estd 

Median length of frontal area 2-9 

Max. breadth of glabella 3*9 

Distance across palpebral lobes 8*8 



BM. It.7974 



2-5 

5*0 estd 



Discussion. In a recent paper Balashova (1964) subdivided Ptychopyge sensu 
lato and erected three additional genera, Metaptychopyge, Pamptychopyge and 
Pseudoptychopyge, The present material from the Sobova Formation is insufiicient 
for detailed assessment, but its generic position is at least close to, if not identical 
with, Ptychopyge sensu stricto. The glabella of Ptychopyge rossica Balashova (1964 : 
27, see especially pi. 7, fig. i ; pi. 8, fig. 5) has a median ridge apparently ending 
at the median tubercle, but there are more indications of glabellar lobation, the front 
of the glabella is better defined, the frontal area is shorter, and the anterior branches 
of the facial suture are more strongly sigmoidal. Ptychopyge broeggeri Schmidt 
(1904 : 42, pi. 6, figs. 5-8 ; see also Balashova 1964 : 26, especially pi. 5, figs. 
2-6; pi. 6, figs. 4, 6, 7) has an equally long frontal area, but differs in that the 
frontal glabellar lobe is more expanded in outline, a median ridge is absent and the 
eyes are set closer together. None of the species described by Balashova has the 
median tubercle so strongly developed as has the Turkish species. Similar features 
distinguish P. elegans from the type species, Ptychopyge angustifrons (Dalman) of 
Lower Ordovician age in the East Baltic region (see Schmidt 1904 : 34, pi. 5, figs. 4, 
5, 7-10 ; also Jaanusson in Moore 1959 : Fig. 250, 2a-d). 



Subfamily NIOBINAE Jaanusson, 1959 
Genus NIOBE Angelin, 1851 
Type species. Asaphus frontalis Dalman, 1827. 

Niobe sobovana sp. nov. 

(PI. 10, figs. I, 3 , 10, II ; PI. II, figs. I, 3, 5, 6, 9) 

Diagnosis. Niobe with sides of glabella slightly constricted in front of pair 
elongated, semielliptical alae. Frontal glabellar lobe broadly rounded anteriorly ; 
sides straight anterolaterally, converging gently forwards. Traces of four pairs 
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glabellar furrows on internal mould. Palpebral lobes sited opposite 3p and anterior 
half 2p lobes. Anterior border apparently flat, but poorly defined triangular areas 
situated laterally on cranidium suggest presence of incomplete preglabellar field. 
Hypostomal outline widens posteriorly ; posterior margin deeply indented. Middle 
body straight-sided, divided into two unequal lobes. Pygidium poorly known, but 
at least four pairs pleural ribs present ; pleural furrows die out on broad pygidial 
border. 

Holotype. BM. It.7961 (PL 10, figs. I, 3, 10, ii). 

Paratypes. BM. It.7964 (PI. II, fig. i), It.7966 (PI. II, figs, 3, 6), It.7968 
(PL II, fig. 5), It.7971 (PL II, fig. 9). 

Locality and horizon. The species has been found only at locality B.651 at 
the Sobova Valley section, in the limestone member of the Sobova Formation. 

Description. The glabella is large and of low convexity, with maximum breadth 
equal to five-sixths of the median length. The line of maximum breadth is set 
slightly in front of centre of the glabella, and farther forwards the frontal glabellar 
lobe narrows to a broadly rounded anterior margin. The sides of the frontal gla- 
bellar lobe have a strikingly truncated appearance and are notably straight, con- 
verging gently forwards. Behind the line of maximum breadth the glabellar outline 
narrows slightly until halfway to the occipital furrow, when it broadens again slightly, 
though the basal breadth is slightly less than the maximum. The occipital ring is 
of even length {sag,), about one-tenth that of the glabella, from which it is separated 
by a transversely straight occipital furrow that is deep over its median half but 
markedly shallower near the axial furrows. The latter are narrow and shallow for 
the most part, becoming still shallower posteriorly, where an elongated, sub-semi- 
elliptical ala is sited on the innermost portion of each fixigena. The length of the 
alae is one-quarter that of the glabella and they extend backwards slightly behind 
the line of the occipital furrow. The small fragment of exoskeleton remaining on 
the glabella shows no trace of glabellar furrows, but the internal mould has four 
pairs of corresponding shallow impressions, separated by a median band about one- 
third the breadth of the glabella. The ip glabellar furrows are not easily visible, 
being little more than a pair of shallow indentations on the glabellar surface opposite 
the front of the alae. The 2p furrows are almost transverse in direction, gently 
arched forwards, and do not reach the axial furrows ; they are placed about five- 
eighths of the distance from front to back of the glabella. The 2p glabellar lobes 
are the largest of the four pairs and slightly bigger than those of the ip pair. The 
3p furrows curve gently backwards abaxially, converging sharply with the 2p furrows 
although, like the latter, they do not attain the axial furrows. The 3p lobes are thus 
subtriangular in outline and occupy adaxially about one-fifth of the length of the 
glabella. The 4p lobes are the smallest, about half the size of the 3p lobes and 
delimited frontally by short (tr.), straight 4p glabellar furrows that are directed 
abaxially backwards more strongly than the 3p furrows. Each palpebral lobe is 
slightly more than a semicircle in outline, its flattened dorsal surface gently declined 
abaxially. The left lobe, preserved as an internal mould, shows a faint palpebral 
furrow (see PL 10, fig. 10) but the surface of the exoskeleton of the right lobe is 
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unfurrowed, though there is a suggestion of its being slightly bevelled towards the mar- 
gin at that point, coincident with an increase in density of the small perforations that 
cover the surface of the exoskeleton there. The posterior branches of the facial 
suture arch backwards posterolaterally and meet the posterior margin of the crani- 
dium at right-angles. The posterior half of each fixigena is broader [tr) than long 
and carries a deep, straight posterior border furrow which is transversely in-line 
with the occipital furrow and delimits a narrow [exsag,) posterior border that becomes 
slightly broader abaxially. Only the hindmost portions of the anterior branches of 
the facial suture are preserved, and these diverge widely from the eyes, as in other 
members of the genus. The frontal glabellar lobe is separated by a shallow pre- 
glabellar furrow from the incomplete preglabellar field and anterior border. The 
two latter appear to be fused together for the most part but their lateral extremities 
show some differentiation, with the preglabellar field forming a pair of slightly convex 
triangular areas that carry a few large, low tubercles and die out adaxially (see 
PI. 10, fig. i). As noted earlier, only a little of the cranidial exoskeleton remains, 
but even this exhibits some variety of ornamentation. The surface of the median 
portion of the frontal glabellar lobe is covered with small perforations, closely grouped 
but with no obvious arrangement. Anterolaterally there are in addition numerous 
low, discontinuous ridges which form broken, curved lines subparallel to the sides 
of the glabella. In cross-section the ridges are asymmetrical, each steeper side 
facing adaxially and having a line of perforations arranged along its base. The 
disposition of these structures is shown in PI. lo, fig. i and although their purpose 
is not clear, the rows of perforations may well have housed small sensory hairs. 
The anterior border is pitted like the centre of the frontd glabellar lobe but, as de- 
scribed above, the small anterolateral areas assigned to the preglabellar field carry 
a few large tubercles as well as perforations. 

A single, large, left librigena (PL ii, fig. i) is characteristic for the genus, with a 
blunt, slightly obtuse genal angle sited well outside the posterior branch of the facial 
suture. Below the incomplete eye surface is a narrow eye platform, bounded by a 
narrow incised furrow from which the dorsal surface declines to a sHghtly concave 
border, defined anteriorly by a lateral border furrow that dies out posterolaterally. 
The distal portions of the surface, both laterally and posterolaterally, are orna- 
mented by subparallel anastomosing ridges that intersect the anterolateral margin 
at an acute angle ; behind the genal angle the corresponding ridges meet the pos- 
terior margin at right-angles. 

Three incomplete hypostomata show the form characteristic of Niohe, The most 
complete has a median length slightly less than the maximum breadth, measured 
across the posterior wings, from which the breadth decreases anteriorly. The 
surface of the exoskeleton is ornamented with anastomosing ridges which generally 
run transversely. The large middle body occupies more than half the overall breadth 
and, especially on the internal mould, is seen to be divided into two unequal lobes. 
Of these the anterior lobe is much the larger, broadly rounded frontally, straight- 
sided, and bluntly pointed posteriorly where it is terminated by a median furrow 
that is shallow centrally but deepens laterally to form a pair of conspicuous notches. 
The internal mould of the posterior lobe (see especially PI. ii, fig. 5) is transversely 
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straight medially but forms a pair of slightly swollen projections that are directed 
posterolaterally and separated by a deep notch in which the ornamenting ridges 
run parallel to the indentation of the bifurcated hypostomal margin. The posterior 
wings, separated by a pointed median notch, are large and flattened, well rounded 
in outline and diminish frontally to a narrow rim which then expands to form the 
anterior wings. 

The thorax is not known with certainty but a fragmentary pleura of asaphid 
type (PI. II, fig. lo) has a deep, narrow pleural furrow that dies out approximately 
halfway to the tip, and bears some resemblance to the structure of the pygidium 
assigned to Niobe sobovana. The doublure is ornamented with strong terrace-lines 
and the tip forms a broad, falcate spine, directed backwards. The specimen is 
too fragmentary for certain identification and is figured as Asaphid gen. et sp. 
undetermined. 

An associated incomplete large pygidium (PI. ii, fig. 9) is assigned to this species. 
It is sub-semicircular in outline, with maximum breadth estimated at about twice 
the median length, and well rounded anterolaterally. The axis although frag- 
mentary was evidently relatively slender with almost straight sides that converged 
gently backwards. The surviving left pleural region has an anterior half-rib followed 
by four well-defined ribs with, probably, room for one more. The pleural field has 
a prominent boundary and stands higher than the well-defined, broad pygidial border. 
Narrow pleural furrows are deeply incised on the pleural field but become shallow 
and narrower across the pygidial border and die out a short distance from the margin. 
The internal mould shows low tubercles covering the pleural ribs. Part of the ex- 
ternal mould of the pygidial doublure is exposed ; it is as broad as the border of the 
dorsal exoskeleton and ornamented with about eleven or twelve conspicuous, sub- 
parallel terrace-lines. 

Another incomplete pygidium, BM. It.7967 (PI. ii, fig. 4), from the same horizon 
and locality, differs from PI. ii, fig. 9 in being proportionately longer, whilst the 
border is relatively narrower and is not traversed by the pleural furrows. In addition 
to the anterior half-ribs there are five well-defined pairs of ribs and traces of a sixth 
pair. The straight-sided narrow axis carries traces of at least eight axial rings and 
extends backwards only as far as the inner margin of the pygidial border. This 
specimen is referred questionably to Niobe, 



Dimensions (in mm, IM = 


internal mould, EM = 


external mould). 






It.7961 


It.7966 


It.7968 


it.7971 


Length of glabella 


20*6 estd (IM) 


- 


- 


- 


Max, breadth of glabella 


17-3 (EM) 


- 


- 


- 


Min. breadth of glabella 


12*8 estd (IM) 


- 


- 




Basal breadth of glabella 


14-8 (IM) 


- 


- 


- 


Distance across palpebral lobes 


21-8 (EM) 


- 


- 


- 


Overall length of hypostoma 


- 


9-4 (IM) 


- 


- 


Overall breadth of hypostoma 


- 


8‘4 estd (IM) ii*2 estd (IM) 


- 


Length of median body 


- 


8*0 estd 


- 


- 


Max. breadth of median body 


- 


5-6 (IM) 


7*0 estd (IM) 


- 


Breadth of pygidium 


- 


- 


- 


20-0 estd (IM) 


Length of pygidium 


- 


- 


- 


1 1*5 estd 
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Discussion. The merits of the various features whereby Niohe may be dis- 
tinguished from the closely related genus (or subgenus) Niobella Reed (1931 : 462) 
have been discussed by Whittington (1965 : 348). To summarize, the hypostoma of 
Niohe frontalis has a deep median notch in the posterior margin, whereas that of 
Niobella homfrayi, type species of the genus, has the outline tapered backwards 
and the posterior margin is rounded. The difference was regarded as important by 
Lake (1942 : 328-30), though he preferred to retain Niobella only as a subgenus 
of Niobe, Later Tjernvik (1956 : 223-4) separated the two as genera on the basis 
of the pygidium, that of Niobe having pleural ribs that expand abaxially and ter- 
minate in-line with the inner margin of the border and beyond that of the broad 
doublure whilst that of Niobella has the pleural regions smooth or slightly furrowed, 
the ribs ending at the narrow doublure. Although Jaanusson [in Moore 1959 : O 350) 
followed the same course, Whittington (1965 : 349) found the arrangement unsatis- 
factory as it entails an artificial grouping together of forms with distinct types of 
hypostoma. Whittington justified the inclusion of Niobe quadraticaudata (Billings 
1865), from the Table Head Formation of western Newfoundland, in that genus 
mainly on the basis of the hypostoma, but drew attention also to the role of the alar 
lobes as being of possible significance. The new Turkish species clearly belongs to 
Niobe on the basis of the glabellar outline, hypostoma and alae, and these are taken 
as being more significant than the associated pygidium which, with its pleural ribs 
that are not strongly convex at their distal ends but are separated by pleural furrows 
that partially cross the wide border, does not exactly match the pygidium of the 
type species. 



Asaphid genus and species undetermined 
(PL II, figs. 2, 8, 10 ; PI. 12, figs. 5-9) 

Under this heading are grouped several asaphid fragments which are too immature 
or too fragmentary to be named satisfactorily. 

BM. It.7978 (PI. 12, figs. 7, 9) from the Sobova Formation at locality C.429 
represents an originally large pygidium of depressed form with a narrow, almost 
straight-sided axis, well segmented by transversely straight ring furrows. The 
pleural regions comprise at least five and a half pairs of ribs (there is room for six 
or seven pairs), separated by well-defined, straight pleural furrows which are only 
slightly deeper than the interpleural furrows. The latter divide the ribs into sub- 
equal anterior and posterior bands, and die out approximately half-way to the 
margin ; the pleural furrows extend a little farther but leave a notably wide, smooth 
border. The doublure, though not completely visible, is conspicuously wide, orna- 
mented by numerous closely spaced terrace-lines, those near the inner margin appear- 
ing gently waved in plan. Detailed comparison is not practicable, but the general 
configuration compares with that of Opsimasaphus {Nobiliasaphus) nobilis repulsus 
Pfibyl & Vanek (1968 : 192, pi. i, fig. 7) from the Dobrotiva Formation, Llandeilo 
Series, of Bohemia. The latter has a very wide doublure and the pleural ribs are of 
similar shape and size, as are the axial rings, as far as can be judged, but differs in 
that the anterior and posterior bands of the ribs are of more unequal breadth {exsag,). 
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BM. It.7970 (PL II, fig. 8) from the same locality is a small hypostoma approxi- 
mately 3 mm broad (excluding anterior wings) preserved as an internal mould. The 
incomplete posterior wings are separated by a broad median notch in which the 
posterior margin forms a gentle convex curve. The median body extends the whole 
of the median length of the hypostoma and is of low convexity, divided by a shallow, 
median furrow into two markedly unequal lobes, the posterior of which is crescentic 
in plan and ends anterolaterally in a pair of sharply defined maculae. 

The remaining figured specimens are all from the limestone member of the Sobova 
Formation at locality B.651. An incomplete hypostoma, BM. It.7965 (PL ii, fig. 2), 
lacks the posterior margin and the hindmost parts of the posterior wings. The outhne 
of the median body, the lateral development of the median furrow and the narrow 
anterior portions of the posterior wings are generally similar to those of Ptychopyge 
and related genera, but the specimen differs in that the posterior lobe of the median 
body is convex and its rear margin well defined. BM. It.7977 (PL 12, fig. 5) forms 
part of a large thoracic segment, the left pleura of which is divided by a deep, narrow 
{exsag,) pleural furrow into unequal bands, the anterior one of ridge-like form and 
much the narrower. The dorsal surface is ornamented with densely crowded ridges 
that run subparallel to the axis of the thorax and traverse the pleural furrow. 

Two very small pygidia are clearly immature although one of them, BM. It. 10660 
(PL 12, fig. 6) with length 1*4 mm and breadth 3-2 mm, has a relatively small number 
of pleural ribs and axial rings, four and a half and four respectively, and may 
represent an early holaspid stage. The posterior margin of this specimen is gently 
rounded in outline, the doublure is moderately wide, whilst the flat pleural regions 
are traversed by pleural and interpleural furrows which curve strongly back towards, 
and almost reach, the lateral margins. The generic position is not determinable 
but the small number of pleural ribs is suggestive of that on the large pygidium 
figured elsewhere in this paper as Niobe sobovana (PL ii, fig. 9), and the specimen is 
clearly very different from another small pygidium of approximately similar breadth 
(PI. 12, fig. 8). The latter, BM. It.7980, is proportionately longer, the large axis 
has traces of at least ten axial rings, and the pleural regions are composed of five 
well-differentiated pleurae followed by almost unfurrowed areas behind the line of 
the fifth ring furrow. If truly an asaphid, the pygidium may represent a Meraspis 
Degree 2, but its systematic position is uncertain. 

Family Unknown 
Genus and species undetermined A 
(PL 7, figs. 2, 4, 9) 

Figured specimen. BM. It.7944. 

Locality and horizon. B.651 at the Sobova VaUey section, in the hmestone 
member of the Sobova Formation. 

Description. An incomplete pygidium with length and estimated breadth of 
2-2 mm and 6*o mm respectively is transversely semielliptical in outline. Frontally 
the strongly convex axis occupies one-third of the overall breadth and its straight 
sides converge gently to a blunt terminal piece which extends almost as far as the 
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posterior margin and is linked to the latter by a low post-axial ridge. There is a 
slightly thickened border which narrows (sag.) posteriorly and is gently arched 
below the post-axial ridge (see PL 7, fig. 4). The axis has two well-defined, trans- 
versely straight axial rings which are almost equisized and together occupy half 
the axial length, followed by a smaller, weakly defined third ring. The pleural 
fields carry a pair of anterior half-ribs which are transversely straight for half their 
length and then curve strongly backwards posterolaterally. These are followed in 
turn by a pair of strongly developed ribs impressed by faint interpleural furrows, 
a pair of subtriangular raised areas representing the second ribs, and a pair of low, 
subcircular protruberances indicating the third ribs. All the ribs are separated 
by broad [exsag.) pleural furrows, and the surface of at least the first pair of ribs 
is ornamented with small, closely spaced granules. 

Discussion. Although unassigned, the pygidium bears some resemblance to 
that of Euloma which also is almost straight frontally, with an axis of comparable 
size and three pairs of pleural ribs that show a corresponding diminution. However, 
the pygidium of the type species, E. laeve Angelin (see Tjernvik 1956 : 274), has 
conspicuously large articulating facets, the ribs are narrower [exsag,) and much 
straighter, and no post-axial ridge is visible. 

Genus and species undetermined B 
(PL 9, fig. 6) 

Figured specimen. BM. It.7960. 

Locality and horizon. C.429, 1*5 km east of Kizilca, in crystalline limestones 
of the Sobova Formation. 

Description. A single small pygidium preserved as an internal mould is sub- 
semielliptical in outline with median length 3-6 mm and maximum breadth 5*7 mm. 
The axis, with frontal breadth i-8 mm, is relatively narrow, has straight sides and 
tapers gently to the apparently subrounded tip. There are three well-defined, 
transversely straight axial rings with a fourth ring less clearly developed ; the 
remainder of the axis is not preserved. The proximal portions of the pleural regions 
are higher and more convex than the wide, smooth border, and carry two pairs of 
short [tr,), unfurrowed ribs in addition to an incompletely preserved pair of anterior 
half-ribs. The systematic position of the specimen is not clear, but it does not belong 
with any of the other genera found at locality C.429. 

III. AGE AND AFFINITIES OF THE TRILOBITES 

Earlier provisional faunal lists for the Sobova Formation (Dean & Monod 
1970 : 423, 424) contained relatively few trilobite genera, but the present work has 
enabled the number to be augmented as follows : 

Locality B.651. Agerina, Ampyx, ApatokephaluSy CaroUnites, cheirurid gen. 
undet., Geragnostus, Harpides, Illaenus, Metopolichas, Niobe, Panderia, Phillipsinella, 
Protostygina, Pseudopetigurus, Pterygometopus ?, Ptychopyge, Sohovaspisy Symphy- 
sums and Trinodus, 
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Locality B.652. Symphysurus only. 

Locality C.429. Euloma {Lateuloma), Geragnostus, harpidid gen. indet., Nileus, 
Pliomerina, Pricyclopyge and Symphysurus, 

Locality C.432. Euloma {Lateuloma), Geragnostus and Symphysurus, 

On the basis of their affinities with the various Ordovician faunal provinces, these 
genera may be divided into a number of groups although, as will be seen, some do 
not fall readily into such categories but are not sufficiently widespread to be termed 
cosmopolitan. 

(a) Genera of predominantly Tethyan type 

As discussed elsewhere (Dean 1967), Tethyan trilobite faunas comprise those of 
the Mediterranean region, the Anglo-Welsh area, France, Spain, Portugal, northwest 
Africa, much of southern and southeastern Europe and parts of the eastern coastal 
region of North America. They include so-called ' Bohemian faunas ' as well as 
Whittington's (1966a) ' Selenopeltis fauna '. Their horizontal distribution varied 
considerably at different times within the Ordovician period, but in early Arenig 
times, at least, they extended eastwards relatively unchanged in composition to 
southeastern Turkey and occurred, with some modification, still farther east in 
southern China. 

Genera of this type are conspicuous in the underlying Seydi§ehir Formation but 
then undergo a sudden, marked reduction and are poorly represented in the Sobova 
Formation, coincident with a marked lithological change from mudstones and shales 
to fragmental limestones. Pricyclopyge is well documented in Anglo-Welsh and 
Bohemian faunas which range in age from Arenig to Llandeilo Series, but was not 
entirely confined to the Tethyan region, as is shown by its record from the Upper 
Tremadoc of Sweden. It is particularly unfortunate that trinucleid trilobites are so 
rare in the Sobova Formation, being represented by only a few fragments at B.651. 
Members of the family have proved of great value in Ordovician correlation but the 
Sobova material cannot be assigned even generically. The presence of two E arcs 
of pits on the cephalic fringe is of some interest but little significance as similar 
structures are known nowadays from Ordovician rocks as early as Lower Arenig in 
age in the Anglo-Welsh area, whereas it was at one time believed that a marginal 
girder indicated the most primitive stage of development, followed by the addition 
of further development of additional E arcs in successively higher strata. The 
affinities of the incomplete pliomerid, if correctly assigned to Pliomerina, lie with an 
eastern Tethyan element. The resemblance of one pygidium to that of the Bohemian 
Llanvirn genus Protostygina has been noted ; more secure evidence of Bohemian 
affinities is afforded by the single cranidium of Pseudopetigurus, a rare genus even in 
its type area, where it is restricted to the Upper Arenig, but a member of a family, 
the Bathyuridae, which was widely distributed beyond the bounds of Tethyan 
faunas. 

(b) Genera of predominantly Balto-Scandinavian type 

Nileus, Niobe and Ptychopyge are all common in Balto-Scandinavian faunas but 
the first two have a westerly extension into eastern North America where they may 
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be found as high as the Lower Llanvim Series. The bathyurid Agerina was pre- 
viously best known from Scandinavia, the East Baltic region and Bornholm, whilst 
the illaenid Panderia is an essentially Balto-Scandinavian form, though recorded 
in Asia from the Karakorum Range in company with a Baltic-type fauna. The 
small trilobite referred here to Phillipsinella is a member of a genus which was 
widely distributed in Ashgill times, but all records from pre-Ashgill rocks are in 
faunas of Balto-Scandinavian t5^e, so its presence at Sobova is not altogether 
surprising. Tripp's (1958 : 575) records of Metopolichas show the genus to be almost 
exclusively of Balto-Scandinavian type and of Lower and Middle Ordovician age. 
In Scandinavia its lowest occurrence is in the Expansus Limestone and the strati- 
graphical implications of its appearance there are noted later. Euloma, although 
based on a Scandinavian type species, is widespread in early Ordovician strata, 
having been found in Europe, the Anglo-Welsh and Mediterranean areas, and as 
far afield as central North America, though it is doubtful whether it may be termed 
truly cosmopoHtan. The new subgenus E. {Lateuloma) has not yet been found with 
certainty outside Turkey. 

(c) Genera of cosmopolitan distribution 

Perhaps the most obvious of these is Geragnostus ; its type species was described 
originally from the Tremadoc Series of Sweden but the genus may range as high as 
the Ashgill Series and its distribution is almost world- wide. Similarly Trinodus, 
first found in the Arenig of Sweden and southern France, subsequently has a 
long history and attained a particularly wide distribution in AshgiU times. 
Harpides is known first from the Tremadoc Series and most of its representatives 
appear to be of early Ordovician age, though the latest species is probably H, 
atlanticus (BiUings) from the Lower Llanvim Series of western Newfoundland. In 
Sweden the genus is known from both Tremadoc and Lower Arenig Series, whilst 
Dr Valdar Jaanusson informs me (personal communication) that H, plautini Schmidt 
is from the Upper Arenig, Volkhovian Stage in part, of the Leningrad District. 
Apatokephalus is perhaps best known from Scandinavia, where it provides a zonal 
species for the highest Tremadoc Series, but it occurs also in both North and South 
America as well as western Europe. Many of the records are from Tremadoc strata 
and I am not aware of any post-Arenig occurrences. Carolinites is a particularly 
good example of a cosmopolitan genus, closely similar forms having been recorded 
from western and eastern North America, East Greenland, western Ireland, western 
Russia and Kazakhstan as well as Turkey and the type area in Tasmania. None of 
these occurrences is older than Lower Arenig, and the youngest is Lower Llanvim 
Series. 

Although nearly all the recognizable trilobite species from the Sobova Formation 
are new, the above discussion of the genera present demonstrates that their most 
marked affinities are with faunas of the B^to-Scandinavian region. The latter 
are best known from the works of Bohlin, Tjemvik, Jaanusson and V. Poulsen, whose 
stratigraphical subdivisions and faunas are now discussed. The trilobites of locality 
C.429 are considered separately, as the stratigraphical relationships there are less 
clear. 
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The age of the trilobites at locality B.651 

In his description of the so-called Asaphus Limestone and adjacent strata of 
northernmost Oland, Bohlin (1949) established the following ascending succession 
of trilobite zones : Megalaspis planilimbata, Megalaspis limbata, Asaphus lepidurus, 
Asaphus expansusy Asaphus ranicepSy Megalaspis centauruSy Megalaspis gigas and 
Asaphus platyurus. Of these, the zones of Asaphus lepiduruSy A, expansus and 
A, raniceps make up the Asaphus Limestone. The genus Megalaspis has since 
been renamed Megistaspis. Trilobite familes and genera listed from the Asaphus 
Limestone by Bohlin (1949 : 566, 567) and later revised by him (1955) and other 
authors are as follows : Pterygometopidae [Pterygometopus)y Cheiruridae {Cerauri- 
nellay CyrtometopuSy A canthopary phay Sphaerocoryphe)y Pliomeridae [Pliomera)y 
Encrinuridae [Cybele)y Odontopleuridae {Boedaspis)y Lichidae {LichaSy ConolichaSy 
both these genera represented by species that are now assigned to Metopolichas)y 
Harpidae {Harpes)y Remopleurididae [Remopleurides)y Asaphidae [AsaphuSy Homalo- 
pygey Megistaspisy Niobey Pseudasaphusy Ptychopyge)y Nileidae {NileuSy Symphy- 
surus)y lUaenidae {Illaenus)y Raphiophoridae {Ampyx) and Agnostidae {Trinodus), 

The faunal lists given by Bohlin for the zone of Asaphus raniceps and the zone 
of A , expansus are used as the basis of comparison in Table I and give values of 35 
and 55 respectively for the Index of Faunal Resemblance at B.651. Notable ab- 
sentees from these Swedish strata are Agerinay Apatokephalus and HarpideSy but the 
first appearance of Metopolichas and Illaenus must be considered an even more 
important feature of the fauna. The age of the Asaphus Limestone has been placed 
approximately in the range Upper Arenig (in part) and lowest Llanvirn Series by 
Jaanusson (i960 : 346) and its relevance to that of the Sobova Formation is noted 
later. 

Stratigraphy and trilobite faunas of particular relevance to those of the Sobova 
district were described from Sweden by Tjernvik (1956 : 112, 277) whose compre- 
hensive work on the Planilimbata Limestone (Arenig Series) and its subdivisions 
provided the following data. Some of the generic names used originally by Tjernvik 
have been modified in the light of later researches. 

Subdivision B.4. Zone of Megistaspis estonica 

Agerinay Ampyx y Asaphus y CyrtometopuSy EulomUy GeragnostuSy HarpideSy Loncho- 
domaSy MegalaspideSy Megistaspis y Menoparia ?, N ileus y NiobellUy RaymondaspiSy 
Remopleuridiellay SelenoharpeSy Sphaerexochus ?, Symphysurus, 

Subdivision B.3. Zone of Megalaspides dalecarlicus 

Ampyx y DiaphanometopuSy Dysplanus ?, EulomUy Geragnostus ?, HarpideSy Mega- 
laspidesy N ileus y NiobellUy Plesiomegalaspisy * Protopliomerops RaymondaspiSy 
Selenoharpes, 

Subdivision B.2. Zone of Megistaspis planilimbata 

Ampyx y Apatokephalus y BorogothuSy Cy dopy gey DiaphanometopuSy Dysplanus ?, 
EkeraspiSy Eulomay GeragnostuSy HarpideSy Ischyrophymay LannacuSy Lapidariay 
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Table I 

Comparison of the trilobite fauna from the limestone member of the Sobova Formation 
at locality B.651 with others of approximately similar age in Scandinavia using 



Simpson's Index of Faunal Resemblance. 
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Leiagno^tus, Megistaspis, Nileus, Niobe, Niobella, Orometopus, Ottenbyaspis, Plio- 
merops, Raymondaspis, Remopleurides, Selenoharpes, Shumardia, Symphysurus, 
Trinodus, Varvia, 

Subdivision B.i. Zone of Megistaspis armata 

Ampyx, Apatokephalus, Borogothus, Euloma, Falanaspis, Geragnostus, Harpides, 
Hunnebergia, Illaenus ?, Lapidaria, Megistaspis, Nileus, Niobe, Orometopus, Platy- 
peltoides, Pliomerops, Saltaspis, Shumardia, Symphysurus, Varvia, 
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Subdivision A.6. Zone of Apatokephalus serratus (Tremadoc Series) 

AgerinUy Apatokephalus ^ Borogothus, Ceratopyge, Dikelokephalina, Euloma, Gerag- 
nostus, Harpides, Nileus, Niobe, Niobella, Niobina, Orometopus, Ottenbyaspis, 
Parabolinella, Parapilekia, Peltura}, Pricy dopy ge, ' Protopliomerops \ Saltaspis, 
Shumardia, Symphysurus, Triarthrus, Trinodus, Varvia, 

It will be seen at once that certain Sobova genera absent from the ' Asaphus 
Limestone ' are present in Tjemvik's lists, but application of the Index of Faunal 
Resemblance produces some varied results for locality B.651 (see Table I). The 
highest value of 41 occurs not only at the horizon of A.6, the highest zone of the 
Tremadoc Series, but also again in Zone B.2, with diminutions at B.i and again 
from B.3-4, though such fluctuations could well be explained by variations in 
local ecological conditions. Genera such as Agerina, Apatokephalus, Harpides and 
Ottenbyaspis (which closely resembles Panderia monodi sp. nov.) may occur in the 
Swedish Upper Tremadoc, but such an age for the rocks at locality B.651 cannot be 
contemplated for various reasons : (a) the Sobova Formation overlies with apparent 
conformity the Seydi§ehir Formation, in the upper part of which Didymograptus 
and Tetragraptus suggest the presence of the Extensus Zone ; (b) several genera 
at B.651 are not known from pre-Arenig strata ; and in particular Metopolichas and 
Pseudopetigurus are not recorded from below the Upper Arenig. Similarly although 
Tjernvik's B.2, the zone of Megistaspis planilimbata, is a more reasonable proposition 
in that it provides his highest recorded Apatokephalus and Ottenbyaspis, nevertheless 
it represents an horizon that is too low for Metopolichas and lllaenus. 

The presence of Metopolichas suggests that, also by analogy with the Balto- 
Scandinavian region, the fauna at B.651 cannot be older than the upper half of 
the Arenig Series. Application of the Index of Faunal Resemblance to the Asaphus 
Limestone of Sweden (see Table I) produces values no higher than those for the 
Lower Arenig noted above, and it may be that the method has limitations when 
applied to such widely separated trilobite faunas. On the other hand, the lowest 
of the Swedish strata assigned to the Asaphus Limestone mark the lowest range of 
both Metopolichas and lllaenus according to the lists of Warburg (1939) and Bohlin 
(1949), an observation kindly confirmed by Dr Valdar Jaanusson (personal com- 
munication), and the occurrence of these genera at B.651 may be regarded as 
stratigraphically significant. Some of the Sobova genera range upwards into 
Llanvirn strata in other parts of the world, but a genus such as Apatokephalus has 
not been recorded from post-Arenig rocks, whilst Pseudopetigurus is closest to a 
species in the Upper Arenig. 

On balance, therefore, the trilobites at locahty B.651 are unlikely to be Lower 
Arenig or post-Arenig in age, but the evidence for an horizon within the Upper 
Arenig is imprecise. Conodonts from this locality and horizon are now being studied 
by Dr C. R. Barnes whose preliminary determinations (personal communication) 
show that the fauna is of Swedish type and Volkhovian age. In current strati- 
graphical terminology the Volkhovian includes at the base the highest trilobite zone 
of those making up the Extensus Zone or Lower Arenig, and at the top the lowe^st 
of the three trilobite zones forming the Asaphus Limestone, i.e. the Asaphus lepidurus 
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Zone. There is thus reasonable agreement between the trilobite and conodont 
evidence and a tentative correlation of the limestones at B.651 with the A, lepidurus 
Zone would not be unreasonable. 

The age of the trilobites at localities C.429 and C.432 

Limestones forming part of the Sobova Formation crop out in the vicinity of the 
village of Kizilca, 17 km north-west of Seydi§ehir and between 7 and 8 km south- 
southeast of the section in the Sobova Valley (see Figs. 2, 3). At C.429 six trilobite 
genera were collected, but specimens, which occur in a white and grey crystalline 
limestone, are not common. At C.432 the Hthology is sHghtly different, comprising 
limestones that are grey and a distinctive pink in colour, somewhat cleaved and cut 
by thin veins of calcite. The fauna here is more sparse even than at C.429 but the 
occurrence of Euloma {Lateuloma), Geragnostus and Symphysurus suggests that the 
two deposits are of similar age. C.429 and C.432 differ from the limestone member 
of the type Sobova Formation in both lithology and faunal composition, but it 
was not immediately obvious whether they represent a younger or an older horizon. 
It is believed that these Ordovician limestones rest on strata of the Seydi§ehir 
Formation near Kizilca but the structural relationships are not clear. 

The Index of Faunal Resemblance for the Kizilca trilobites in relation to the 
Swedish Lower Ordovician genera documented by Tjernvik (1956) is shown in 
Table II. Some of the values are high, higher in fact than those obtained from the 
fauna at B.651, and the highest is given by the Apatokephalus serratus Zone of the 
Tremadoc Series, but the reliability of the figures is probably diminished by the small 
number of genera available at C.429. However, a post-Tremadoc rather than a 
pre-Arenig age is suggested by the fragment of Pliomerina, even though the evidence 
is scanty. Euloma, even in its broad sense, does not occur below the Tremadoc, 
in which series it is particularly abundant, but does not appear to range higher than 
the Lower Arenig. On the basis of the trilobites, the limestones of the Sobova 
Formation at C.429 and C.432 are provisionally assigned to the Lower Arenig, 
though a more varied fauna is required in order to give a detailed age assessment. 
Support for this view is provided by the conodonts and Dr C. R. Barnes, who has 
examined the material from this horizon, submits the following notes (personal 
communication) ; " C.429 yielded only 30 identifiable conodonts. These are pre- 
dominantly drepanodiform, acodiform and oistoidiform elements previously un- 
described. The overall evolutionary development of those elements in C.429, 
which are certainly of Arenigian age, suggests that this fauna is slightly older than 
that of B.651.' 

The stratigraphy of the Seydi§ehir Formation in its type area northwest of 
Seydi§ehir is not known in detail but at least the upper portion contains Lower 
Arenig graptohtes. Consequently, if the whole of the upper Seydi§ehir Formation 
were to be regarded as of Lower Arenig age, the placing of the limestone member 
of the Sobova Formation at B.651 in the upper half of the Upper Arenig (see Fig. 5) 
would imply the existence of a disconformity between the two formations. However, 
the highest beds of the Seydi§ehir Formation beneath the Sobova Formation in its 
type area at the Sobova Valley contain inter alia Symphysurus, a genus which became 
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Table II 



Comparison of the trilobite fauna from limestones mapped as Sobova Formation at 
locality C.429 near Kizilca (see Figs. 2, 3) with others of approximately similar age 
in Scandinavia using Simpson's Index of Faunal Resemblance. 



Genera present in 
Sobova Formation at 
locality C.429 



Euloma .... 
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N ileus .... 
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Total genera in deposit . 6 
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stiU more abundant in the Sobova Formation. To what degree this may be accepted 
as evidence for a conformable relationship between the two formations at this point 
is not yet clear, though it receives some support from the occurrence at a nearby 
locality of possibly Upper Arenig cephalopods (Collins in Monod 1967 : 83 ; Dean & 
Monod 1970 : 422). 

Near Kizilca the limestones of the Sobova Formation at localities C.429 and 
C.432, known to be older than those of B.651, may not be of lowest Arenig age as 
they overlie strata of the Seydi§ehir Formation, though the age and lower limit of 
the latter are not yet confirmed by means of fossils and the presence of a disconformity 
between the two formations at this point is by no means established. In an earlier 
account (Dean & Monod 1970 : 423-4) the Arenig limestones of B.651 were thought 
to be represented at Tara^gi, north-northwest of Seydi§ehir, by an attenuated lime- 
stone sequence, followed by red sandstones which might be the equivalent of the 
' grey shales ' of the Sobova Valley. Such conclusions are still provisional as they 
are not yet substantiated by faunal evidence, and deposition of the Sobova Forma- 
tion took place under conditions which produced marked lateral changes of facies 
at a time when faunal links were being established between Scandinavia, the Taurus 
Mountains and points still farther eastwards along the Tethyan region. 

Regnell (1940 : 13) suggested that a connection between Northern Europe and 
the Bohemian Basin (better known for its Tethyan or Mediterranean faunal elements 
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of both Cambrian and Ordovician age) existed during part of the Lower Ordovician. 
The trilobites of the Sobova Formation extend the scope of this hypothesis and 
suggest that changes in the distribution of areas of marine deposition within the 
Tethyan region were beginning to take place as early as the Upper Arenig. No 
evidence of Lower Ordovician marine faunas of Scandinavian type has been found 
in the Mediterranean region west of Turkey or, to any marked degree, in the Bohemian 
Basin. However, the easterly extension of such faunas seems well established, and 
the Sobova trilobites provide an additional link between those of the Balto-Scandi- 
navian region and the Himalayan faunas described by Gortani (1934), which include 
Illaenus, Nileus and Panderia, In northern Iran the uppermost member of the 
Mila Formation contains Illaenus and orthid brachiopods, and succeeds a member 
from which Upper Cambrian trilobites, including Iranaspis, have been recorded 
(Stocklin, Ruttner & Nabavi 1964). It is not clear whether the strata with Illaenus 
are conformable on the Cambrian or whether they represent a higher level within 
the Ordovician. In eastern Iran the trilobites recorded from the Shirgesht Forma- 
tion (Winsnes in Ruttner, Nabavi & Hajian 1968 : 34, 35) have not yet been described 
but include Hystricurus, Illaenus, Marrolithus ?, Megalaspides, Ningkianolithus and 
Symphysurus. Some of these genera have an extended range within the Ordovician 
but the trinucleids have been documented only from Llandeilo and Caradoc Series, 
and the fauna should therefore be considerably younger than that of the Sobova 
Formation. 
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